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2.0 INTRODUCTION DRAFT

2.1 Background Information

2.1.1 Brief History of the Evolution of this Document

Prior to the enactment of Public Law 92-500 [the Federal Water
Pollution Control Act Amendments of 1972 (FWPCA)], the Atomic Energy
Commission (AEC) had regulatory authority pursuant to the National
Environmental Policy Act of 1969 (NEPA) to impose effluent limitations
on facilities requiring an AEC license or permit.

The FWPCA now requires the Environmental Protection Agency (EPA)
to establish (for use in permits for the discharge of pollutants to
waters of the United States from point sources as defined in the FWPCA
such as nuclear power plants, etc.) effluent limitations for all pollutants.
The FWPCA provides that nothing under NEPA shall be deemed to authorize
any Federal agency to review any effluent limitation or other requirement
established pursuant to the FWPCA, or to impose, as a condition of any
license or permit, an effluent limitation other than any such limitation
established pursuant to FWPCA.

Pursuant to the authority of the FWPCA, EPA required applicants
for discharge permits to submit information required by EPA in order to
establish effluent limitations in permits. Pursuant to the authority of
NEPA, the Nuclear Regulatory Commission (NRC) may require applicants for
licenses or permits to submit information required by NRC in order to
evaluate and consider the environmental impacts of any actions it may
take. Consequently, the informational needs imposed by the two agencies
may be similar in the area of impacts on water quality or biota

NEPA requires that all Federal agencies prepare detailed environ-
mental statements on proposed maor Federal actions which can significantly
affect the quality of the human environment. A principal objective of
NEPA is to require the agency to consider, in its decision-making
process, the environmental impacts of each proposed major action and the
available aternative actions. Both EPA and NRC have responsibilities
pursuant to NEPA regarding the issuance of licenses or permits for
nuclear power plants and certain other facilities.

In late 1973, the Chairman of the Council on Environmental
Quality (CEQ) wrote to the Chairman of the then AEC and the Administrator
of EPA Suggesting steps that might be taken "to make the analysis of the
water quality impact of nuclear power plants more effective and more
meaningful and, at the same time, reduce demands for data being placed
upon applicants for licenses."
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In summary, CEQ suggested that AEC and EPA:

(1)

(2)

(3)

explore mechanisms available to assure that applicants
environmental reports to AEC contain sufficient data to
satisfy EPA requirements on water quality matters;

consider the possibility of preparing a single impact
statement to meet AEC's requirements under NEPA and
EPA's requirements under FWPCA; and

consider the possibility of unified hearings.

In response to CEQ's suggestions, AEC (subsequently NRC) and EPA
developed the Proposed Second Memorandum of Understanding regarding
their perspective responsibilities under NEPA FWPCA, which was
published in the Federal Register for public comment on November 7, 1974
(39 FR 39490), and in final on December 17, 1975 (40 FR 60115).

In summary, the Memorandum:

1.

specified the statutory authority of both agencies for
entering into the Memorandum.

Defined those licensing and regulatory activities to which
the Memorandum shall be applicable.

specified that NRC and EPA will work together to identify
needed environmental information for early evaluations
related to impact from the identified activities on water
quality and biota.

Provided for EPA to exercise its best efforts to evaluate
impacts on water quality and biota as far as possible

in advance of the issuance of NRC's final environmental
impact statement for any covered activity, and specified
that EPA and NRC will maintain close working relationships
during the entire environmental review process.

Specified that EPA will issue to the applicant, where appro-
priate, in light of substantive requirements, a complete
section 402 permit as far as possible in advance of authoriza-
tion by the NRC of any commencement of construction or
issuance by NRC of a license or early site approval, whichever
is applicable.*

*

See 10 CRF Part 2, Appendix A, Paragraph I(c).
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2.1.2 A Shift of Emphasis

In the course of the developmant of this draft, it became
apparent to many workiag group mambers chat early screeaning proceduras
by iadustry or their consultants could somatimes reveal those Cypas
of information which would oot be necassary to gather in great detail
at soma sites. If initial pilot field surveys and litsratura surveys
revealad that the site vas one of low potential impact for phytoplanktomn
for example, it would be unnacessary to couduct detailed studies to
give the taxcnomic identification of every species of phytoplankton
in the vicinicy.

2.1.3 Public Availabtlicy of 3158(a) Demoustrations

it {3 the intencion of EPA to nake the techmical information
submicted by {ndusctries in accordance with 316(a) zvailabls for use
by other industries, sciencists, and oembers of the public. This
vill be done initially by placing copiss of the demounstration and
supporting documents into the collection of the responsible EPA Regional
Office library. A similar approach is also suggested for Stace agencias.
Iz cases vhere demand for the demcuscration matarials exceeds the capa-
bilicty of an EPA or State agency library, cthe EPA Regional Admipistracor
may also submit tha amatsrials to the National Technical Information
Service (NTIS) so that the reports are available to the public in
aicrofiche or hard copy form at the price of duplication. The EPA
Regiocnal librarian will be able o provide detailed informaction regardiag
igput and accass to the NTIS system.

It 1is also noted that the Atomic Industrial Forum, Eavironmental
Studies Project, has developed INTORUM, a data system which will extract
information from reports submitted by utilities in accordance with
sections 316(a) and (b). Questions should be referred to the Project at
1747 Pennsylvania Avenus, Washiogtom, D.C. 20006, telephcsa 202-833=9234.

The September 10, 1974, draft of the EPA 316(a) Technical Guidance
Manual suggests two poesibilities for predictive demonscrations: Type LI
demonstraticns (vith specific data requirements for Representative
Imporzant Species (RIS) and biotic commmities) and Type 11l demounstra—
tions (an alternative plan following writtam coacurrsnces from EPA). The
NRC Ragulatory Guide 4.2%, on the ocher hand, gives general guidance and
includes mention of studyiang & wide spectrum of trophic levels which
might be adversely affected by the power plant’s operations. The net
result of this combinacion of situatiouns is that povar companiaes have
often embarked, wvithout the benafit of appropriste screening or pilot
studies, on large—scale, expensive, inappropriate studies which supply
massive smounts of rav data but ara a0t cecessarily helpful to regulatory
agencies in decision-making.

* NRC Regulatory Guide 4.2, Prepgration o oupent Reports for
N P Staciops. July 1976, Revisiom #2: 102 p.
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The decision train suggested by this macual encourages the
ueilicy to conduct preliminary pilot or screening procedures to determine
how detailed the baseline biotic commmity studies should be and to
iniciace the appropriacte selsctiocn of Type I1II, Type III, or low portemtial
impact Type [II demcustrations.

This procedure, plus an incrsased focus on comparing ratiocunales
developed Dy the applicant with decisiom criteria given in this drafcz,
represants a shift of emphasis which will hopefully result i{a studies,
demoustrations, and envircamental reports which make more sense and aras
easiar to interprect.

Ia developing this version of the manusl, an emphasis has
been placed upon identifying those types of information most relevant
for decision aaking and for deleting data requiremants which have been
found to be of lictle use in past 316(a) decisions. 3y identifying such
information needs by water body type (river, astuary, laka, ocean) and
by defining which areas need less detailed studies, this version of the
ssnual attampts to discourage the collection of masses of costly,
unnecessary data vhich aay actusally confuse the issua by diverciag
attention from oore important information.

In this regard, it is interesting to aote the balancs of geseral
ecosystem (baselins, field work) data versus the RIS (laboracory and
liceracure search) data proposed by this version of the manual. Pasc
experience suggests that neithar baseline field surveys oor RIS laboracory
studies alone vare sufficient for predictive demonstrations; some
aixture of the two {3 desirabla. Gensrzl ecosystem field work {s
necessary Lo charactsrize the environment impscted, to have z basis of
comparison for post operatioumal studies, and to counter possible argumencs
that the entire ecosystem has not been axamined. Laboratory sctudies on
RIS are helpful because they offer increassad predictive capsbilicties,
such as how much of the thermal plume area will preclude reproduction or
aigracion.
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The primary use seen for this version of tha tachnical manual
will be for new scurces and for the "second round" of 316(a) deter-
minations wvhich will come when the first round of permits expirs.

The manusl is intanded to be used as general guidance and as
a starting point for discussions between indusctry and the Regiocnal
Adminiscrators. For individual situactions the Regional Adminiscracor
28y request that the applicant follow the suggestions in the tachnical
manual closely, or say specify an alternacive plan.

The applicant should be awars that in general one or zore
Regiocnal EPA permit program staff have been designated as 316 coor-
dinacors. It i{s suggestad that applicants considering 316(a)
demonstratious contact these individuals at an early date to discuss
potential problems and svailable daca.

2.2.2 States
Those States which have been delegated the administratiom of

the NPDES permit program by EPA have the laad role for making 31l6(a)
decisions within the State. The EPA retains whac smountcs CO 3 Veto



capability through the requirement that they continue to review all
permits before cthey are isaued.

Since those States which have the permit progrsm have
essentially the same responsibilicies as EPA, it follows that thase
States may find this technical manusl useful in the same manner that
the Regional Administrators of EPA ffnd it useful. On the other
hand, just as the Regional Adainistrators are oot rigidly bound by the
contents of this document, neither are the State Directors. It {s suggestad
that those Statas vhich desire to adminiscer ctheir 316(a) program in
a wvay different from that which is proposad hers, firsc discuss these
differences with the Ragional Adainistrators so that common agreements
can be reached and applicants can be assured chat their 116(a) scudy
designs will be acceptable to both the State and EPA.

The applicant should also be aware chat {n general cne or more
State permit program staff hgve bean designated as 316 coordinacors.
It i{s suggested that applicants considering 316(a) demonscrations
contact these individuals at ao esarly date to discuss potentcial
problems and available data.

2.2.3 The Nuclear Regulatory Commission

The Nuclear Regulatory Commission (NRC) tentatively plans
to incorporacte this 316(a) manual and the separate 316(b) manual with
future drafts of NRC Regulatory Guide 4.2. The contents of chese zanuals
would form the basis for aquatic ecology data requirements. Just
how the manuals will be iancorporaced has not yet been decided, but
one possibility discussed would be to include the 116(a) and 316(d)
aanuals in their entirety as appendices to future sditions of NRC
Regulacory Guide 4.2. There has also been some discussion of using
parts of these manuals in future editions of NRC Regulatory Guide
4.7* and documents to be genarated by the NRC coordinated State/Federal
Sicing Working Group.

2.2.4 The U.S. Fish and Wildlife Service, Department of Intarior

The Fishk and Wildlife Service (FWS) is mandated by the Fish
and Wildlife Coordinacion Act (48 Stat. 401, as smended; 16 U.S.C.
661, et seq.), the Endangered Species Act of 1973, and other asso-
ciated Acts, to coordinate review wvith the appropriate Federal
regulatory agencies on projects that will have impact on fish and
vildlife communities. These guidelines will provide a basis for
coordination mmong FWS, EPA, NRC, and other agencies iavolved in

* NRC Regulatory Guide 4.7, General Sits Suitability Criteria for
Nuclear Power Stations. November 1975, Revision #2: 32 p.



the 316(a) review process by represencing a common understanding of
the decision cricaria agreed upon which the 3116(a) variancs will be
based and, therefore, upon which the appropriate regulactory agency
should be advised.

2.2.5 Other Federal Agencies

Although in no way bouand by this document, other Federal
agencies may find it useful as a source of informacion. For exampla,
the National Marine Fisheries Service (NMPS) of the Departmentc of
Coumerce has similar concerns and responsibilities as the FWS in the
Federal regulatory reviav process. The NMFS wvas originally the
Buresu of Commercial Fisheries which, together with che 3ureau of
Sport Fisherties ind Wildlife (aow FWS), constituted the old Fish and
Wildlife Service {n the Department of Interior (as referred to {n the
Fish and Wildlife Coordinatiom Act). BReorganizacion Plan No. 4, which
transferrad the Bureau of Cowmericial Fisheries to the Department of
Commearce, also transferred all associated raspounsibilicies. Principle
concerns of NMFS are marine and anadromous fish, as well as inland
commarcial fish. The FWS, by contrasc, has a parallel respounsibilicy
in the fisheries aspect, but has an addicionsl responsibilicy for
aquatic vaterfovl (both fresh water and marine) in the 31l6(a) reviewvw
procass.

2.2.8 The Electric Powar Industry and Consulting Organizations

For each individual site, applicancs for 316(a) or 1316(b)
detsrmainations should discuss the contents of this aanual wich the
lead NPDES Permit Prograx Agency (either the EPA Ragicnal Administrator
or the State Director) to detarmine the applicabilicy of the manual’s
recommandations to that site. This document will serve as a starting
point for discussions leading to a written concurrence between the applicanc
and the Regional Administrator/Dirsctor on individual study plans which
wvill satisfy che requirements of boch PL 92-500 and the aquatic ecology
sections of NEPA.
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3.0  PREDICTIVE DEMONSTRATIONS

3.1 Introduction DRAFT

Predictive studies and associated demonstrations representing
the best estimate of "what will happen" are appropriate for 316(a)
demonstrations for:

1. New sources not yet discharging;

2. Facilities discharging into waters which, during
effluent for a sufficient period of time to allow
evaluation of the effects of the effluent;

3. Facilities discharging into waters which, during
the period of the applicant's prior thermal discharge,
were so despoiled as to preclude evaluation of the
effects of the thermal discharge on species of shell-
fish, fish and wildlife; and

4. Magor changes in the facilities operational mode.

The two most detailed baseline aguatic ecology studies done for
NRC under NEPA are done two years before a nuclear plant becomes opera-
tional. All studies done for 316(a) demonstrations during this time frame
are therefore predictive in nature. The regulations gsee 40 CFR Part 122)
published by EPA provided for two possible types of predictive 216(a)
demonstrations: Protection of Representative Important Species (Type 1)
and Alternative Demonstrations, with the written concurrence of the
Regional Administrator or State Director (Type Ill). This section provides
explanations of these demonstration types, details the decision train and
decision flow chart, and recommends early screening procedures helpful in
choosing the most appropriate demonstration type.

3.2 Decision Train

This section provides a flow chart and narrative summary of the
recommended decision train.

3.2.1 Flow Chart
The flow chart identified as Figure 1. is a summary of the

recommended sequence of events leading to the decision. The following
IS an explanation of abbreviations and terms used in the flow chart:
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FIGURE 1. DECISION TRAIN FLOW CHART
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3.2.2 Decision Train Narrative

The decision train (sequance of events leading to a d
listed hare is dasigned as genaral guidance for hoth ¢ 1

the rsgulsatory agenciass: genaral guidance for bo

1. Before designing aquatic ecology studies, the applicant
consults wich tche Regional Administraror/Director® to

verify che applxcshilicy of this techunical manusl for
satisfying thermal plume effects (316(a) and effluant

guid-linnl) requirementcs under PL 92-500. If che
Regional Adminiscrator/Director specifies an altarnative

or nodiliod version of this unnull. the spplicant should
ucilize iz. If the Regional Adminisrrater/Director

specifies using this :cchnicnl manual as 2 guide, tha

L

po:lncial .npact sreas

* NOTE: The Regiocnal Adminiscracor makes 316(a) dscerminacions for EPA
issuad parmits, vhila tha State Dirsctor makas such datermina-
tions for permits issuad by Staces with XPA approved permit
programs. Such Stats permits. howaver. are subject to EPA
review. It is therefors suggested that in the case of 316(a)
deaterminacions made by a State Diractor, either the Director or
the applicant kseps the Ragionsl Adminiscracor informad at
critical staps in the process to avoid the possibiliry of
ultimate disapproval by EPA of a State permit or decerminacion
vhich could have been avoided by bettar commmicarion tchroughout

the process. o
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The applicant contacts the appropriate Ragional DJirector of
the U.S. Fish and Wildlife Service, reprasencacives of the
National Marine Fisheriles Service, and of the Statas, to
determine if there are any threastaned or endangered speciss
that may be affected by the proposed facility’s discharge.

The applicant gathers exiscing litarature and field data
from previous studiss by the company, resource agecncies,
academic institucions, and other reasearchers.

The applicant deteraines whether or not emough information
is available to summarize in writing:

a. FTor each biotic category, vhether or aot the
site is one of low potential impacct.

b. A plan for any additional scudies or work
necessary to complete the demoustracion.

I more information is necessary, the information should
be gathersd through relatively brief "pilot” fiaeld
surveys.

Applicant submits the surmaries to the Regioval Adminiscra-
tor/Director.

If the Regional Admintscractor/Dirsctor determines that
the site is one of low poctencial impact for all bdiotic
categories, the applicant =ay choose the nev "short

forn" demoustration Cype, the Low Potential Impact Type
III demoustration datailed in section 3.6; L{£f not, the
applicant choosas between Type II and Type 11l demonstra-
tions.

Those applicants aligible for the lov potential impact
demonstrations gather any additiocnal informatiocn necessary,
complete relatively brief biotic category racionales, and
summarize them into one "master” ecosystem ratiomala.

If che proposed discharge vill meet State water quality
standards, the additionsal field studies necessary will
oot be extensive. The primary information that needs to
be generated is simply that which is snough to sacisfy
the biotic category, rasource zons, and master rationales
criteria in sectiocn 3.8. One year’s qualitcative "piloc'
field studies should be encugh to generate enough
information to complete the biotic category, resource
zons, and master rationsle. The applicant can then
complete physical studies comparable to those in

section 1.5.] and procesd directly zo scep 19 below.



10. Applicants whose sitas do not qualify for the above
considerations will ordinarily select the Type II
demonstracion or a Typs [II demonstration of similar
comprshengiveness. Applicants selecting a Type III
demounstration should carefully read section 3.7 in order
to gain & general underscanding of the detail necessary
for studies to be considerad acceptable.

11. Those applicants selecting a Type II demounstracion firsc
meet with the Ragional Adminiscracor/Dirsctor to discuss
selection of RIS and define the far field study arsa.

If the regulacory agency has reached any tentative
decisions regarding an allowvable mixing zone (see
section 3.8.3), these decisions should be discussed and
understood by both partias. These decisions zay be
reviewed following complecion of the demonstration.

If cthe regulatory ageancy and the applicant reach an
early agreement about the selectiocn of RIS and the
designation of the far field study area, the applicanc
may move on 0 the next scep. If aot, the regulatory
agency nay request thac the applicant assist in the
selection of RIS by doing studies and giving written
justificacion for the proposed far field study area.

12. The Regionsal Adminiscrator/Dirsctor checks wich the
Ragional Director of the FWS and representatives of the
PSS and States o make sure the study plan includes
appropriate consideration of threatened or ecdangered
species as wall as other fish and wildlife resources.

13. The Regionsl Adminiscracor/Director provides the applicant
vith written recognition of the specific plan for
completing the demounstration, including delineatiocns of
the RIS far field study area, and threatened or endangered
species.

14. Applicant completes field and literacure work required
to f£inish biotic category racionales and writes the
rationales in accordance with section J.5.l.

135. Applicant completes literacture and laboratory studies
necessary to generates information for the RIS rationale,
and develops the rationale as suggested in section
3.5.2.
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17.
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20.

21.

Applicant develops engineering and hydrological data
outlined in section 3.5.3.

Applicanc combines the information on engineering and
hydrological data with the RIS and biotic category
rationales into ons "Mastar” Ecosystem Rationale, as
described in seczion 1.5.4.

Applicant arranges the rationales and other information

FgoowTeRE TeaTlesTT TooT EEEswAEeTs ——

in the formac suggested in section 3.5.5.

Applicant submits demonscration to the Ragiocal
Adminiscracor/Director.

The Regional Administrator/Direccor:

Reviews zhe demonstration to see that ey evidence is
properly summarized in the "racionale" sections, that
all of the required data has been submitted, and thac
the format in general follows that given in sectiom
3.5.5 or an alternative format previously approved of
by cthe Ragional Adminiscracor/Director.

a. If che report is unaccesptable dus to improper
format or owmissions, the Ragional Administcracoc/
Dirsctor will return the demonstration to the
applicant with an explanation of why it was
desmed unaccsptable.

b. If the report {s in an acceptable formac and is
complete, the Regional Administracor/Director
will procesed to the nsxt scap.

The Regional Adminiscracor/Director sctudies che data
prasented in the submittal to see if iz justifies the
conclusions resached in the biotic category rationales.
If so, and {f there is oo conflicting evidance from
other sources, the Regional Adainistrator/Director
will proceed to the next step.

The Regional Administracor/Director studies each of
the biotic category ratiounales to see if they support
the 316(a) tast of protection and propagation of the
balanced indigenous population. If any of the five
raticnales fail to meet the tests (as detailed in

the decision critaria sectious), the demonstration

is oot successful. I[f all five meset the tests and
there is not strong contrary evidence from other
sources, the Regional Administrator/Director will
proceed to the next scep.
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The Regional Administrator/Director studies the

RIS information o sae L{f {: supports the conclusions
in the Rapresentative Important Species Rationala.

I£ 1t does, the rationale is studied in relationship
to the decision criteria given in sectiom 3.8.2.

If the dscisiom criteria are cmet, the Ragional
Adminiscracor/Director will proceed to che next

step.

The Regional Adminiszracor/Director studies as a
composita the biotic category racionalas, ths
Representative Important Species Rationale, the
rasource 2ones impacted. and the engineering and
hydrological daca to see if they provide justifica-
tion for the conclusions reached iz che nastar
rationala. If they do and there is not strong
contrary evidence from ochaer sourzes . the Q-ainnn‘l

Adninis:racot/Direc:or will procsed :o the next

The Regional Adminiscracor/Direccor studies the
saster rationale {n relacionship to all other
gvailable daca, considers the overall decision
criteria in sc tion 1.8.3, and determines if the
114 /a) damanatrvardrew hasa hoaan eaimnrnasafiil lo mada
- ‘_Ul‘.hb-b&vu \samnap LA 2 2% -Ubb.'..m} AR o

Following discussions with cachnical experts onm

hda avalil ao ranll! ae rhoaocea fomm sha Fdabk a2md
HUhd Pouliii GF WSi4AL GF LUVSE LLVIE LUE (LTJU GU

Wildlife Servica and ocher agencies required by

- oo ¥ wlhe BDaad ool Adend o d aomana

L" [+ U. CU“U&E.Q Caa NEgeviads NUELUILI WL &L0T

Director makes the final decisiom.

/
/

If the Ragional Administrator/Director concludes
that che summary tacicuale is coavinciang, LiC is
supported sufficiently by the other sectious of

the demonstzration, and is oot coavincingly

negated by outside evidence, the applicantc’s

jié(a} demoustraticu is successful. The applicanc
has demonstrated cthat the proposed thermal discharge
to navigabis watars will be accepcable under

PL 92-500 (for sectiocm 316(a) and effluent
guidelines).
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aad litesraturs searches before embarking upon massive,
k---14n. fiald esmn) {ne Thasa ind 1 e 1

ield esmnline, These
to dc:cruin. vhether or not the s
{individual hioeics cacasorias and

The applicant should first resd this secticn, chen execuca the
initial pilot field surveys and literacure searches in such a aanner
thac thay ide :1! those h*ecic cs:egcriee for which tha eize nay he

It should be zoted here that section 31.5.6.1 provides a

discussion of uhv tha data requirements proposad in this section are
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useful to rcgula:ory agenciaes {n the 316(1) decision-making procass.

Identification of taxa {n the various bilotia categories should
e species level for the RIS organisms and no lase than family

he 4
level fo ;ll othars that ars listed.

IW

1.3.1 Phytoplankton
3.3.1.1 Decision Criteria.
——  eS— ——

The phytoplankton section of cthe 316(s) demonserarion will

be judged successful {f the spplicant can show that che sice is a
low potential impact area for phytoplankton. For other sices, the
phytoplankton section of the 316(a) demonstracion will be iudged
successful only L{f the applicant can demonstrate that:

L.

ter the indigencus community from a

A
is

2. There is little likelihood that the discharge will
al d 4
a

J. Appreciable harm to the balanced indigenocus popula=-

tion is not likely to occur as s result of phyto-
plankton community changes caused by the heated

dischargae.
1.3.1.2
3.3.1.2
Areas of low potential impact for phytoplankton are defined
&8 open ocesan areas or systems {(n which ph'ggglnnbﬁnn {2 not the food

n ocesn
chain base. Ecosystems iz which the food web i3 based on detrical
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material, e.g., embayments bordersd by mangrove swamps, salt marshes,
fresh wster swamps, and most rivers and streams, are in this cacegory.

The area wvill not be considered one of low potential impact
1f preliminary literature reviev and/or abbreviaced "ptloc" field
studies reveal chat:

l. The phytoplankton contribute a subscantial amountc of
the primary photosynthetic activity supporting the
communicy;
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J. Operstion of the discharge may alter che communicy
from a detrital to a phytoplankton based syscem.
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Pocential act (Some Lacustrine, Estuarine, and

a
Possibly Other Wacer Body Ivpes).

The applicant (s not requastad specifically to conduct
detailed taxonomic studies of che phytoplankton, but informacion pro—
vided {n the demonstracion should be adequate to characterize the
presencea and abundance of pollution tolerant and nuisance forms as
wvall as to provide bsseline information about the phytoplankton
comeunity as a whole. The particular power plant site and aquacic
systsa plus historical {nformation will dictacte the excant of
taxonomic work required. In some situations only a2 few species or
major taxonomic groups (e.g., species comprising >57 of total) will
have to be identified and counted, whareas {n ocher sicuacions che
idencificacion and counting of several species or najor groups nmay
be required.

e
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The axperimental design should be appropriate to determine
the general characteristics of che phytoplankzon communicy wichia
the antire primary study srea. Sampling outside the primary scudy
area should be done at locations most appropriata to gsnerate daca
typical of the far fileld study arsa. Sample replication should be
adequate o determine prscision of the data collected and to
conduct appropriate scatistical tescs.

Samples should be taken with appropriace gear as descrided
in the EPA Biological Machods Manual.* Plankton anecs are of limited
value sincs many organisms pass through them. In certain cases wheras

* 3iological Field and Laboratory Mechods (EPA-670/4-73-00Q1).



extensive sampling (s deemed necessary, it zay be possible to use
an indirect chemical nethod to assess seasounal or spatial phyto—
plankton fluctuations.

Io most cases the study should determine the stasding
crop of phytoplanktorn ac periods ranging from seasonal to bdi-mouchly
depending on the azvailable information. At a minimum, the data
collected should include:

1. The standing crops of orgaunisms per volume of
vatar;

2. Identification of numerically dominant -axa
(i.a., 5% or more by aumber) and auisance
organisms; and

3. Delineation of zhe euphotic zone, preferadbly
wicth a submersible photometsr.

3.3.2 Zooplankzon and Meroplankton

3.3.2.1 Decision Criteris.

The zooplankron and meroplankton section of rthe 315(a)

demonstration will be judged successful {f che applicanc cap show

that the site {3 z low potencial impact area for these organisms,

or rhape
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3. The thermal plume does not counstitute a2 lethal
barrier to the free movement (drifc) of zoo=
plankton and mercplanktom.

3.3.2.2 Low Potential Impact Areas for Zooplankton and Meroolaak:zon.

Areas of low potential impact for zooplankton and mercplankcon
are defined as those characterizad by lowv concentrations of commercially
inportant species, rars and endangered species, and/or those forms that are




imporzant compouents of the food web or where the thermal dischargze
will affect a relatively small proportion of the receiving water
body.

Most estuarine areas vwill not be considered areas of low
potential impact for zooplankton and meroplankzon. Howaver, vhere
a logarithmic gradient of zooplankton and mercplankton abundance
exists, those arsas at the lowvast level of sbundance may be recog-
nized as low potential impact areas at the discration of che
Regional Administrator.

If preliminary 316(a) scudies indicate thac the area is
one of low potential impact, no further 3116(a) studies are necessarv.
Ix this case the applicant need provide only a anarrative discussion
justifying tha couclusion that the area is one of low pocentcial
impact.

3.3.2.3 Study Requirements for Other Areas.

For those facilities acc sited in low potential impact
areas, the applicant should describe the qualitative and quancitacive
characteristics of the zooplankton and mercplankton populations. The
data should include:

1. Standing crop estimactes;
2. Relative abundances of the taxa prasenc;

J. Seasoual variations in the abundance and distributions
of the various taxa encouncered; and

4. The diel and tidal changes in che dapth discributiom.

The experimencal design should be appropriace to determine
the general characteristics of zooplankton and meroplankton within
the entire primary study ares. Sampling in che far field study acea
should be done in locations most appropriate to gemerate data typical
of cthe remainder of the far field study area. The AIF Sourcebook®
provides information relaced to the choice of sampling methods.
Semple replication should be sdequate to determine prscision of the
data collected and to conduct appropriate statistical tests.

If the applicant believes ou the basis of che data collected
that the zooplankton and maroplankton criterisa can be mec, the conceptual
framevork upon which the conclusion is based and corresponding daca
analysis must be included in the zooplankton and meroplankton rationale
of the 316(a) demonscracion. For a further discussion of informacion
requirements for maroplankton, see secciom 3.3.4.3.

* Atomic Industrial Forum, Sourcebook: "Enviroomental Impact Moaitoriag
of Nuclaar Power Plants,” August 1974.



3.3.3 Habitat Formers

3.3.3.1 Decision Criteria.

The habitat formers section of a 315(a) demonstracion
will ha 1ndo-d successful {f che annlican: can show thar the

site (3 a lcv potential impact area for habitac formers. For

oghar esites, the section will he succegsful 1f the applican

can d-onscra:c chac:

(3

1. The heated discharge will not result in any

decarioracion aof thae hshirae formars communirt

or that no appreciable harm to che balanced

indi{cannvae Annularian will raa
ingigencous population wils res

deceriorations.

2. The heatead discharge will not have an adverse

{mmanme ~Am rhr--r.nnd Ar andanmarad anani{iaa
uv-h~ -Ra L3 173 3 } o e ‘u‘-“'-.-“ 'P-B‘-. -;

a result of impact upon habitac formers.

Any probsble thermal eliminacion of habitac formers from
the sstuarins or zdarins sovironmencs ot thelr contiguous wcilands
conscitutes 2 basis for denial. SLnilarly, a basis for denial
xiscs Lf importan Eish. shaellfish, ot wildlifs are ctharmally

3.3.3.2 Low Potential Impact Areas.

In some-situations, the aquatic enviroomenc at the pro—
posed site will be devoid of habicat formers. This conditiou may
be caused by low levels of nutriencs, inadequace lighc penetracion,
sedimentacion, scouring stream velocities, substrate characcer, or
toxic matarials. Under such conditions the site may be considerad
a low potencial impact arez. However, if thers is some possibility
the limiting factors (especially aan-caused limicing faccors) may
be relieved and habitat formers may bs established within the area,
the applicanc wvill be required to demonstrate that the haated
discharge wuld not rescrict re~establishmenc. Those sicas where
there is a possaibility chat the power plant will impact a
thresteaned or ecdangered species through adverse impacts on
habitat formers will not be coasidered low potential impact areas.

3.3.3.3 Study Requirements for Other Arsas Not Classified as
Low Potencial Impact.

For aress that do not qualify as lowv pocential impact
aress, the spplicaat should provide the following ianformacion:

l. Regional site location map and & scaled aerial
aap showing the distributicm of hsabitat formars
in the region near the proposed site. The
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aerial zap should include the primary and far fileld
study aress. When available, aerial maps showing
historical changes in the distribucion of habitac
formars should be provided.
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ominant species of hsbirac forming macro-
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i .
phytes, macroalgae, shellfish, corals, and sponges.

3. Standing crop astimstes of the dominant species i(n
tarms of dry waight of organic matter per unit area.

These estimates should be znade at a aianimum £raquency
of quarterly for one year.

4. Identification of those species of £ish which are
dominant species or thrsatened or endangered species
and are dependent upon the existence of the habtitat
formers for protection or for use as feeding areas.
For such species (which are not considered elsevhere
in the 316(a) demoustracion), the applicant should
provide quantitative abuandance estimates.

The axperimental dasign should be appropriate to
deternine the genaeral characteristics of the habitac
former community within the entire primary scudy area.
Sampling outside the primary study ares should be
done in locations most appropriate to generate data
typical of the remainder of che far field study area.
Semple replication should be adequate to determine

the precision of che data generated and to conduct
appropriate staciscical cteasts.

3.3.4 Shellfish/Macroinovertebrataes
3.3.4.1 Decision Criteris.

The shellfish/macroinvertebrates section of a 31l6(a) demon-
stration will be judged successful {f cthe applicant can demonstrate
that 120 appreciable hara to the balanced indigenous populatiocn will
occur as a rasult of macroianvertsbrate community changes caused by
the heatsd discharge. For areas classified as ones of lov pocential
impact for shellfish/macroinvertebrates, relacively little cew field
work may be required. Decision criteria related to individual para-
meters are discussed as follows:

1. Standing Crop. Raductions in the sctanding crop of
shellfish and macroinvertebrates may be cause for
denial of a 1l6(a) waiver unless the applicant can
show that such reductions caused no appreciable
harm co balanced indigenous populations within thae
wvater body segmant.



3.

b,

Communictvy Structure. Reductcions {n the components of
diversity may be cause for the denial of a 316(a)
waiver unless the applicant can show that the crizical
functions (defined {n sactica 3.8.3.) of the macroin-
vertebrate fauna are being zaintained in the water
body segmant as they existed prior to the introduction
of heat.

Generally, with the preseant state of knowledge it is
imposaible to stace vhat effect a cartaino percantage
of change in the components of diversity will have on
functional integricy of the system, specifically the
aaintanance of a balanced indigenous population.

From a geueric standpoint, a zajor difficulcty relatas
to the fact that the species richness of the macro-
invertabrate fauna varies considerably ian different
syscems and that the effects of a given level or
percenctage of change zight be a function of the level
af diversity extant prior to the introduction of heat
stress.

From a decision standpoint, actual or predicted
reductions in diversity could serve primarily as an
indication that the system is or will be stressed.
Because of the difficulty in predicting changes with
any degree of accuracy, this parameter could serve as
a decision tool ouly in cases vhere the actual changes
resulting from plant operacion can be enumeraied and
reascusbly applied to the proposed site.

Drift. The discharge of cooling water equal to 30X or
more of the 7-day, lQ-year lovw flow of a river or
stream wuld be cause for concern aad possible
rajection of a 316(a) waiver unless the applicant can
show that:

1) Iavertebratas do cot serve as a major forage
for the fishsrias,

2) Pood is not a factor limicing fish production
in the water body segment, or

3) Drifting invertebrace fauns is oot harmed by
passage through the thermal plums.

Critical Punctions (Esctuaries). Aresas vhich serve as

spawvaing and nursery sitss for important shellfish
and/or macroinvertabrace fauna are considered as zero
allowable impact aress and will be excluded from
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cousideration for the discharge of wasts heat. Plants
sited in locations which wuld impact chese critical
functions will not be eligible for a2 31l6(a) waivaer.
Most estuarine sitas will fall {nto chis catesgory.

Low Potsntial Iapact Arsas for Shellfish/Macroinovertebrates.

A low potential impact area for shellfish/macroinvertebrate
fauna is defined as an ares vhich, within the primary and far 2i{sld
study areas, can meet the following requirements:

L.

5.

Shellfish/macroicvertabrate species of exisciag or
potential commercial value do aot occur at the site.
This requirement can be net if the applicant can
show that the occurrence of such species is
narginal.

Shellfish/macroinvertebrates do not serve as important
components of the aquatic communizy at the site.

Threatened or endangered species of shellfish/macro-
iavertebractes do not occur at the sitae.

The standing crop of shellfish/macroinvertebrates at
the time of maximum abundance is less than one gram
ash-frase dry weight per square meter.

The site does oot serve as a spawning or aursery arasa
for the species in L, 2, or 3 above.

Study Requirements for Other Areas.

L.

Sampling Design. The experimental design should be
appropriate to determine tha general characteristics
of the shellfish/macroinvertebrate community within
the entire primary study arsa. Sampling outsids zhe
primary study area should be done in locations mostc
appropriate to generats data typical of the remainder
of the far field study area. Sample replication and
collection frequency should be adesquate to detarmine
the precision of the data generatad and o conduct
appropriace statistical rtests.

AC & ainimum, samples should be taken quarterly for
one year. However, the actual periods selected
should be kayed Zo known information on the seasounal
occurrence of important forage species, rare and
endangersd species, and species of cowmercial
importance. Sampling for these species must occur
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3.
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vhea vulnerable life stages are in the srea. If,
because of the tramsitory nature of such speciess

and their various life stages, it i3 not possible

to include them in a quartarly program or, if there
is & complax of species whose timing in the area is
unknowvan, then the frequency of sasmpling will have

to be increased. For the beanchic component of the
shellfish/macroinvertebrates, coumunity sampling
stacticus should be selectad for sach major substrats
type within the primary study arsa. Similar sctatiouns
should be selectsd in cthe far field study ares so
that the relative ‘mportance of the two ragioos may
he compared. Where appropriate, these stations
should also be used for sampling the motile portion
of the shellfish/macroinvertebrate communicy.

Sampling Methods. The applicant should use trawls,
trapping, or cetting tachniques which are standard
for the cypes and life stages of shellfish/macro—
iovertebrates found in the study area.

[aformation Requirements. The applicaat should
qualitatively enumerate as thoroughly as possibla

the species of shellfish/macroinvertebrates in-
habiting the impact area and adjacent enviromments.
For commerciazl species, important forage specias,
and threatened or endangersd species informatcion
should be provided on their stacus in thea ares
(permanent or transient), seascnal timing of
presence (if applicable), and the 1ife stages
present including =meroplankton. Ian additiom, the
applicanc should describe the importance of the
ares for the critical functions of reproduction
and sarly development. In cases vhere the dis—
charge will potentially impact a highly productive

should provide quantitative estimates of the
shellfish/macroinvertebrate scanding crop. Such
sites include estuaries, shallow noufluctuating
resecvoirs, saimonid rivers, and open cosscal
sites which have characteristics similar to
sstuarine sites. However, the appiicant should
racognize that the level of effort is based on

-k === [ P P

the arsa impacted and that sampling of the
benthic component of the shellfish/macroinvertebrate
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fauns would be minimal in the case of 2 sice having
sufficient daepth that the plume does noc reach the
bocttom. Many deep fluctuating reservoirs, as typifiad
by some in the TVA system, have depauperate benthic
fauns and will require a ainimum amount of descripcion
information to document those characteristics. Ia the
case of shallow non=-fluctuating reservoirs cypified
by Lakes Marion and Moultrie in South Carglina, which
have an abundant and diverse benthic fauna, the appli-
cant should couduct detailed studies.

Other paramecters which should be evaluated in :he
study includa:

A. Standing crop. The standing crop of the various
species should be estimated in terms of numbers
and biocmass per square meter for Soth the
primary and far field study areas. Tha biomass
estimate should be expressed as grams ash-free
dry weight per square mater.

B. Community structure. The community scructure
should be evaluatad in terms of:

1) the oumber of speciss per sample,

l) the aumber of individuals for each species
in each sampils,

h& cotal aumber of species in

areas, and, when appropriate,
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4) the age structure of the species in each
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drift past and will be entrained to the thermal
plume. The applicant should estimats the number and
biomass of drift organisms per linear xzetsr of river
crose section, Sample replication and collection
fraquency should be adequate toc determine the precision
of the decta generated and to conduct appropriate

statistical tests. In addition, the applicant should
enumerace those species which represent £ive jercent
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or more of the total aumber or biomass of organisas
comprising che dri1ft. Where appropriace, ths
applicant 3ay conduct in situ drift scudies atc

an sxisting facility to determine vhether the
common indigenous zacroinvertebratas can survive
passage through the plume. These data zay ba
useful for projecting the effects of the plume at
the proposed site.

4. Data Presentation. The applicant should provide a
scaled substate aap vhich includes the primary and
far field study arsas. At least one 2sp should bde
provided which shows the agticipatad outer limics of
the thermal plume to the 2 C isotherm. In additionm,
the applicant should provide maps showing the {sotherms
as they will exisc along the doctom for the conditions
of maximus and a2inimum ambisnt water temperaturass.

In the case of estuariss, the applicant should provide
aaps showing the reiatiouship of the predicted piume

to spawming areas, aursery areas, and amigratioan routes
for the various life sctages of commercial species,
thresatened or endangered species, forage species, and
species that are otherwise important to the functioning
of the system.

The applicant should thoroughly summarize the data
using summary tables and grapbics and report the raw
daca in & separats bound appendix. The applicant should
then provide a narrative evaluatiocn and interprecation
of the data which explains why, in the judgment of the
applicanc, the impacts are sufficiently inconsaquential
that "the proteczion and propagation of a balanced

in and on the body of wacer will be assured.”

3.3.3.1 Decision Criteris.

The fish section of & 316(s) demouscracion will be judged
succassful if the applicant can demonstrate chat the site qualifies as
a low potential impact ares for fish. For other sites, the fisa
section of a ll6(a) demonsctration will be judged successful {f the
applicant can prove that fish communicies will not suifier appreciable
harm from:
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Dirsct or indirect mortality from cold shocks;
Direct or indirect zortality from excess heact;

Reduced reproductive success or growth as a
result of plant discharges;

Exclusion from unaccsptably large areas; or

Blockage of migratiom.

Low Potsntial Impact Ares.

A discharge may be determined to be in a low potsntial impac:
arez for fishes within the primary and far field scudy areas if che
following conditions ars satisfied:

The occurrence of sport and commercial species of fish
is marginal;

The discharge site is aot a spavaing or aursery area;

The thermal plume (bounded by the 2°C tsocherm) will
not occupy & large portiomn of the zone of passage which
would block or hinder fish migration under the most
conservative environmeantal conditions (based on 7-day,
10-year low flow or wvatsr level and maximum wvater
Cemperature);

The plume configuration will not cause fish to become
vulnerable to cold shock or have an adverse Lzpecs on
threatened or endangered species.

Study Regquirements for Areas Not Classified as Low Potential
Iapace.

1. Methodology and Frequency. Appropriacte sampling aachods

and gear vill be used to provide a basis for idencifying
the Representacive Importanc Species (RIS) of fish and
their respective life stages in various habitats and
strata wichin the study area. Mathods of fish sampling
such as trawling, gill necting, seining, horizoantal and
vertical ichthyoplankton tows, etc., are acceptabla.
However, sampling methods will vary from one type of
water body to another; therefore, & ratiomale for ths
choice of gear aust be developed for ezch sampling
program. Unless stringent rsquirements for specilalized
gear is apparent, the adoption of standardized gear is
recommended Co permit comparisous with other studies. At
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no time during the study should nev gear or sampling
nethods be introduced unless it can be demonstrated
that the comparative efficiencies of the old and acew
gear and methods are similar. A change in samplinog
procedures can only be implemented after written
approval by the Ragional Administrator/Director.

For fisid studies, experimental design should be
appropriate to deternine the general charscteriscics
of all life stages of fishes inhabiting the primary
and far field study areas. The data collected should
allow for a comparison of the rslative importance of
these WO areas with respect o species composiction,
aumbers of esach type, growth, and reproduction.

Samples shall be takea at zmoucthly incervals to provide
data represencing seasonal and life stage habits except
during and immediacely following periods of spawning
whenr a mors intsnsive sampling effort should be
provided.

Iz nsorthern latitudes, the mouthly sampling requirement
i1s subject to weather couditions and {f nay be acscessary
to provide the described data requirements from the
literacure and relates such information to expected
discharge aress in a defendable rationale. Also,
rationales could be developed from combinacions of

field data and litaracure sources.

It should be recognized that discribucion of the various
life stages of fish is dependent upoun aany factors
including sesason, wvatar acvement, light intaunsity,
dansiry gradients. and food socurcas. Ais an example,
during che appropriats season, night sampling wtll
yield a more accurata estimation of the ichthyoplankran
populncion because of ctheir migration pattern dur‘ng

the diel cycle.

Information Requirements. The studies coaducted should
avand da rha rascdvad {(nfamardan whidah 1411 ha aad SAaw
va'b‘- - bd W b-qu“-u dadddo S oD AW WihAwii Tald US u--u [ XY
purposes described above. e of the fish informacion
mae hoe seacdoad scamamasa I 11&/&\ amed d am ha P

s y U- L-qu‘buu ’.P.L.b'&] AULE JAU\W) Db LB o ry*y 3
applicant should meet with che Regional Adminiscrator

to decsrmins which of the followving informacion require

ments should be developed co sacisfy 316(a) requirements



Species Level: For che RIS, the followiag informacion
may be required:

A. Reproduction. A discussion on spawning habits and
fecundity characteriscics of the principal species.

B. Life stage habitat utilization. A discussion on
habitat ucilized at the various life scages and
seasonal timing of presence in the habitac types.
Migration activity, 1if applicable to the designated
species, should be addressed.

C. Condition factors. Comparative conditiom informacion
for the principal speciss occurring in the primary and
far fleld scudy arsas.

D. Disease and parasitism. Occurrence of diseise and
parasictism in the inodigenous populations and specles
susceaptibility wicthin the framework of expected
thernal regimes should be discussed.

Z. Age and growth. Trends {n age and growth aormally
expected in the species should bde discussed.

Commmunity Level:

A. RIS and their general abundance. Spatial and

temporal disctribution informaction on the RIS {a the
primary and far field study areas will provide
information ou which species will be most vulaerzble
to intakes and/or discharge esffeccs.

B. Relative abundance of various species. This infor-
mation can be calculated from the sampling daca.

The relative asbundance of a species is the value
deternined by dividing total aumber of all fishes
collected into the number of that species caugnet.

It is often rsported as percentage of the total catch,
Relative abundance can fluctuate seasonally and
diurnally; however, it should aot be significancly
different from year to year. Significanc shifts i(n
relative abundance over a period of time are
indicative of changes within the £fish community.

C. Pripcipal association. By appropriate data analyses
it is possible to identify principal associlacions.

The principal associations are the groups of species
vhich are represanted in samples in a cousistent
manner. Presence or absence of & species directly
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or indirectly depends on the presencs or absence
of other species in the sampls. Significant
{mpact on one speciss, therefors, can result {n
changes in principal associatiouns.

D. Map requirement. The applicant should provids zaps
depicting portions of the racsiving water body usaed
by the indigenocus fish communizias for such activities
as spawning, aursery, feeding, migraction, resting,
etc. The applicant should discuss and show on the
nap the proporticn of the total area used that Ji.l
be {influenced by the thermal discharge to the 2%
isotharm.

3.3.6 Other Vertebrace Wildlife
3.3.6.1 Decision Criteris.

The section of the demonstration dealing with other verte—
brates will be judged succassful {f che applicant can show the site s
one of low potencial i{mpact for ocher vertebractes. For other sites,
the section of the demonstration dealing with other wildlife will be
judged successful {f the applicant can democustrats that other wildlifa
community compounents will noc suffer appreciable harm or will actually
benefit from the heated discharge. The term "“ocher vertsbrace wild-
lifa" includes wildlife which are vertebraces (i.s., ducks, geeses,
manacees, etc.) but zot fish.

3.3.6.2 Lov Potsntial Impact Areas for Other Vertebrate Wildlife.

Most sites in the United States will be considered ones of
low potential impact for other vertabrate wildlife simply because the
projected thermal plume will not impact large or unique populations
of wildlife. The main exceptions will be sites in cold areas (such
as North Central Unitad Stactes) which would be predictad to actract
geese and ducks, and encourage them to stay through the winter. These
wuld not be considersd low potancial impact arsas unless they could
demonstrate that the wildlife would be protected chrough a wildlife
management plan or ocher methods from the potencial sources of hara
mencioned in the naxt section.

Other exceptions to sites classified as lowv potencial
impact would be those few sites vhers the discharge aighc affect
important (or thrsatened and endangered) wtldlife such as aanatess.

For most other sites, brief site {nspections and literature
reviewva would supply enough informacion to enadble the applicant to
vrite a brief racionals about why tha site could be coasidered cne
of low potential impact for ocher vertebratss.



3.3.6.3 Study Requirements for Other Areas.

The applicant should undertaks whatever iovescigation
and planning steps are necessary to be abla to writas a rationale
explaining vhat factors (or wildlife mansgemsnt plans) vill eusure
that other wildlife will not suffer appreciable harm from:

l. Excess heat or cold shock;

2. Increased disease and parasitism;

3. Reduced growth or reproductive success;

4. Exclusion from unique or large habicat areas; or
S. Incarfearence with aigratory patterns.

In the rationale, ths applicant should discuss the relation
of the effluant to the habizs and habitats of agy thresatened or
endangersd species aor organisms of commercial or rscreational importancs.

3.4 How to Select the Most Appropriate
Demounsctracion Type

The basic recommended steps for the applicant’s use in choosing the
2OSC appropriate demounstration type are suxmarized in section 3.2.2, the
decision train sarrative.

After completing the initial scrsening procedures and making
a preliminary assessment of the amount of additional work needed (2
sach biotic category, ths applicant selects the demonscration Cype 2ost
appropriate for the site. If the site is one of low potential impact for
all biotic categories, the applicant may choose the rslatively scrasmlined
low potential impact Type (Il demonstratioum outlined in section 3.6. If
aot, the applicant should propose study plans based on the Type II
guidance in sectiocn 3.5 or the Type IIl guidance in section 3.7.

It is recommended that the Type II demonstration be used as a
guide for the amount of detail required in mosc 316(a) demounstracions.
The actual mmount of detail rsquired for as individual locatiom will vary
from site to site, but section 3.5 should serve as a useful starcing
point for discussions between the applicant and Regionsl Administracor/
Director on what study plans are most appropriate for a particular sice.

Applicants not eligible for a low potential impact Type III
demonstration and aot desiring to do & Type II demonstration may elect to
do an altarnate (Type III) demonstration.



sire is one of low potancial impact for most biotic
catagories but not all, studies less detailed than those recommended i2
section 1.5 may be appropriate. For example, if the site is one of lowvw

== =%

pocantial impact for all bilotic categories except shellfish, the Regiomal
Administracor/Director might concluda thar faw addirional field scudias

(except for shellfish) would be required and that the only RIS that
should be selacted should he shellfish. This demonscration would be

less detailed than other Type Il demcustraticns and could de refarred to

as a Tona III demonstrarion.
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3.5 Type II Demounstrations (Representacive
Important Species)

The Type !I demcunstration should be designed ia suchk a nacner o
81 1w dawvwal am Dh Dh--‘ b-' h‘ A’A-4n-1 AR T Be P b roamen]l aerd aw Af Pha
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Biotic Category Rationalss (begun during early screening procedures),
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U.'-LUP-HS U& e o b 8 b doid Lblde B 9 .“ -yuuu-aa oo e de biddVhiddl o ibWii il -
mascer ratiooale. This section provides a discussion of the recommended
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vhy the data rsquirements ars cecessary for aaking 316(a) decisiouns.
3.5.1 Development of Bilocic Category Rationslss

During early scraening procedures of litesrature surveys and piloc
field iovescigations the applicant vill develop some of che i{aformacion
needed to develop the Biotic Category Rationales. If the dacision is
made to do a Type 11 demounstracion folloving these early screening
pracedurss, the applicant should reviav seczions 3.3 and 3.8.1, this
section, and the data available, to dectermine voat addicional field
studies, 1f any, vill be necessary cto complate the Biotic Catagory
Zationales. In some cases, relatively littie additional work will be
necessary. [n cases vhere addicional wvork i{s required, the applicant
should completea the studies as suggested in section 3.3 and then write
the summary Biotic Category Rationales.

Each Biotic Catsgory Rationale should provide a completa dis-~
cussion as to why, in the judgment of the applicant, the impacts are
sufficieutly inconsequential thatc the protection and propagation of
the dalanced indigenous population of shellfish, fish, and wvildlife in
and on the body of watar will be assursd. Io the ratiomalas, tha
applicant should address esach decision criteria for the biotic category
i quastion. The discussion should include an evaluation of the impacrts
of the discharges into the receiving wacer body.



The conclusions drawn should be supported with an analysis of
the data collected during the 316(a) studies and/or by the inclusiocn
of supportive reports, documents and citations to the scientific litera-
ture. The conclusions should represent a logical extension of the
information available and be scientcifically defendable. Whare citations
are used that are 0ot readily available in scientific jourmnals (i.es.,
intearina reports, various types of agency documants, aannual reports,
theses, etc.), the documants theamselves should be provided.

If che impact cof the discharge is projected using a nachematical
aodel, the applicant should provide a complete documentation of the
a0del that i{s used. The documentation should include a discussion of
the nerits and disadvaantages of the model. The applicant should also
provide sensitivity analyses of the model and a verificatiom sctudy. Iz
addition, the stacistical reliability of the model’s predictions should
be included along with a justificacion of the methods used in the
statiscical evaluatiom.

J.5.2 Developmant of Representative Important Species Rationale

The RIS Rationale should summarize why the results of the
laboratory and literature studies specified in sectiom 3.5.2.2 suggest
that che RIS will oot suffer appreciable harm as a result of the heated
discharge.

The assumpcions in the concept of RIS are:

l. It is not possible to scudy in great detail every specias
2t a site; there is not enough tine, a0O0UEY Or expertise.

2. Since all speciss cannot be studied in detail, some
smaller number will have to be chosen.

3. The species of concern are those casually related to
powar plant impacts.

4. Some species will be economically important in their own
right, e.g., commercial and sports fishes or cuisance
species, and thus "important."

J. Some species, termad "representative,” will be parcicu-
larly vulnerable or sensitive to power plant impacts or
have sensitivities of most other species and, 1if
protected, vill reasonably assure protaction of other
species at the sita.
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6. Wide-ranging species at the extremes of their ranges would
generally not be considered acceptable as "particularly
vulperable" or "sensitive' representative species but chey
could be considered as "importanc.”

7. Often, all organisas that might be considered "importanc”
or "represencative” cannot be studied in decail, and a
smaller list (e.g., gresatar than 1 but less than 15) may
have to be selected as the "representative and importanc”
lisc.

8. Oftem, but not always, the most useful list wuld faclude
mostly seasitive fish, shellfish, or other species of
direct use to man or for structure or fuamctioning of che
ecosystem.

9. Officilally listed "threatened or endangered species” are
automacically "importanc.”

3.5.2.1 Selection of the Representative Important Species and
Far Field Study Area.

As previously discussed in che decision train (section
3.2.2, Step ll), applicants first meet with the Regional Adminis-
tractor/Director to discuss selection of the RIS and define the
far fiald study aresa.

The aumber of RIS selected for a particular site zay be
high (5-=1S) if the plans for biotic category field studies are not
comprehensive, or low (2-5) if plans for additional £ield studies
are extensiva.

Some of the criteria for selection of RIS are found i(n
the definition of the term (see section 4.0, Definitions and
Concepts). Keeping in mind these criteriaz and the assumptions
given above, the Ragional Adminisctrator/Director selects RIS from
any combination of the following biotic categories: £ish, shellfish,
or habitat formers.

1. Species Selection Wherse Informacion is Adequate.
Where information pertinent to species salection

is adequate, che Regional Administrator/Director
should promptly select RIS. The applicant may
suggest species for his consideratiom and aay, as

a part of its demonscration, challengs any selectionm.
Other counsiderations ars as follows:
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A. Applicable State Water Quality Standards. I£ che
Stata’s approved watar quality standards designate
particular species as requiring protection, these
spacias should bs dasignacad, but alcus =&y aot
be sufficiantc for purposes of a Type Il demounscra-
tion.

B. Consultation with Director and with Secretaries of
Commercs and Interior. In che cases of species
selection by the Ragional Administrator, he must
seek the advice and recommandation of che Director
as to which species should be selected. The
Ragional Administracor must consider any timely
advica and recommendations supplied by the Dirsctor
and should include such rscommendations unless ae
believes that substantial reasons exisc for
deparcture.

The Secretary of Commerce (National Marine Fisheries
Service) and tha Secretary of the Interior (Fish
and Wildlife Service), or their designees, and
other appropriate perscus (e.g., university
biologists with relevant expertise), should alse

be consulted and their cimely recommendatious

should be considered. The Director should also
consult with tha agency exercising administration
of the wildlife resocurces of the Stace (see section
3.2.2, Decision Train, Step 12).

C. Threatened or Endangered Species. Species selection
should specifically consider any praseat threatened
ot andangered species, at vhatever biotic category
or trophic level, excapt that no informatioan should
be requested that would require field sampling
prohibited by the Endangered Species Act, 16 U.S.C.
1531 et _seq. (sse section 1.2.2, Decision Traia,
Step 12).

D. Thermally Sensitive Species. The most cthermally
sensitive species (and species group) in the local

area should be identified and their importance
should be given special consideration, since such
speciss (or species groups) might be most readily
eliminated from the community if effluent limita-
tions allowed existing vater Cemperatures to be
altered. Cousideration of the 208t sensitive
species will best iovolve a total aquatic
community viewpoint.
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Raduced tclarance to elevated temperature aay
also be predicted, for exampla in species which
sxperience aatural populatiom reduction during
the summer. Species having the greatest northern
range and least southward discribution may also
possess readuced thermal tolerancs.

Commercially or Recrsationally Valuable Species.
Selection of commercially or recreationally
valuable species should be based on a considera-
tion of the benefits of assuripg their protection.

Far-Field and Iadirect Effects. Consideracionm
should include the entire water bhody segzent. For
exampla, an uypstream cold water source should aot
be warmed o an extent that would adversely

affect dowustream bHicta. The impact of addizive
or syuergistic effects of heat combined wizh
other existing thermal or other pollutants iz the
receiving waters should also be considered.

Species Necessarv (e.g., in the Food Chain or
Habitat Formers) for the Well-Being of Species
Determined Above. In additiocn to the above
considerations, {t {s suggested that the
Regional Administrator/Dirscctor ask himself the
following questions before selecting the RIS:

1) Is the potential problem with this species
credible (documented, a problem elsevhers,
a good prediction)?

2) Is the problem likaly to be significanc?
3J) which species occur ac the locationm?

4) Which species i3 likely to be closaly
involved with the source or damage?

S) Does the problem species rank as '"importanc"?

6) Does the list of problem species fall i{an the
range 5-15 or 2-5 (see text above)?



7) Are the idencified problem species "'repCe~
sencativae?

8) Should other species not clearly a problem be
included as representative or importaanr?
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Jed b Laboratory and Licerature Studies.

The laboratory and literature studises to be doue for
sach RIS should be rastrictad to those which are necessary to f£ill
out summary Tables A and B and to dsvelop (on the basis of che
datz susmaries in those tables) the RIS Rationale. Yot all of the
data listed in Tables A and B may be appropriate for a particular
site or taxa. If the applicant feels that some sre insppropriate
and should be deleted, it should be discussed with the Regicnal
Adminiscracor/ Director at the same time other discussions about
the RIS are taking place.

Assumptions for Tables A and B

1. The tables are marely aids tc organizing biological
daca believed to be useful and importanct for making
decisions regarding thermal discharge effects.

2. The specias table should be workable for any important
or representative species selacted, whether i(C is
selected as a specias for protectiom or avoidance
(e.g.., nuisance spacies).

3. All thermal charactaristics do not u,,: ply {n a
similar context to all tazonomic oups (taxa)
requiring soma spacial dn!inir{nn or omisaion gg

e S e e SEm e -~

cbanc:omcic for a particular taxca.
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Thers will be nontherzal influences (e.g., chemicals,
scouring), often occurring simultaneously with
thermal influences, chat are cot !{ncluded {n this
table but which should be considered in their own

right.

There may oot ba differences between adults and
juveniles of all taxa, or there may bs more than
two distinct seansitivity categories. Distinctly
different life stagea requirements should be listed.

Data can be collscted by the applicant for those
thermal characteristics of the RIS that have 2ot yet
been detarmined but for which standardized nechods are
teadily availabls.

For certain parameters :hat are still in the rasearch
or development stage, as opposed to standardized
testing (e.g3., gametogenasis rsquirements or predaciocn
on thermally stressed mercplankton), all availablae
published data would be useful but it would noc be
oecessary to develop new data for this category.

If more than one set of data are available for any
category, the several sets should be prasentad

(and referenced) and the rationsle presented to aid
in salecting oue set for decision-wuaking ac the
site in question.

Dates for gametogenesis and spawning imply appro-
priats seasonal times vhich will vary from area

to area and year to year even without the influence
of the powar plant. The important point is whether
these events would be seasounally precluded.

In fishes, optimum temperatures for growth and

some performance factors (s.g., maximum swvioming
spead, greatest astabolic scope, final temperaturs
preferendum, etc.) have been shown 20 be coincident
for encugh fishes that this coincidence is accaptable
as a gensralizacion. Exceptions could be imporcanc,
however, and should be identified.



SCIENTIFIC NAME

1~

SAMPLY, TABLE TO SUMMARIZE DATA FOR EACH
REPRESENTATIYE IMPORTANT SPECIES (RIS)

COMMON NAME

THERMAL, TEMPERATURE | SOURCE ' HEAN AND MAXIMUM MEAN AND MAXTMUM S EFFECT, IF ANY, EXPECTED
EFFECTS LIKIT OR REFERERCE (IF | AREA UNAVATLABLE TIME UNAVAILABLE TO AFFECT THE POPULATION OF
PARAMETER | RANGR (°C) APPROPRIATE) FOR FUNCTION (w”)_ | FoR runCTION (DAYS), | THE RIS? (TES OR NO)

L]

SUMMARY CONCLUSION OF EFFECT OF HEAT ON THE RFEPRESENTATIVE IMPORTANT SPECIES (RIS):

That area or time under average and worst caee conditions that wiii not permit the specific bioiogicai function to
occur satisfactorily.




THERMAL EFFECTS PARAMETERS APPLICABLE
TO AQUATIC ORGANISMS POTENTIALLY SELECTED AS RIS

THERMAL EFFECTS

-l o=

TABLE B

POSSIBLE METHODS FOR

l
PARAMETERS DETERMINATION ‘ RIS
1. High Temperature Survival
Aquatic Adult tho, 24 hours
Juvenile (Immature) TLgg, 24 hours
|
2. Thermal Shock Tolerancs theraal gradient including l
(Heat and Cold) vOorst case T |
Aquatic Adult single shock to simulate
plant shutdown
Juvenile (Immature)
double shock (up and down)
Early Developmental Scages in traversing plume \
(incl. meroplankton) 3
3. Optimum Temperature for

Pesrformance and Growth

Noo-breeding Adulct

Juvenile

length, weight changes;

productivity; DNA/RNA Ratio,

length, weight changes;
DNA/RNA Ratio?

4.

Maximm Temperature
Regime Allowing Early

Develoc t letion

long~-terz temperature

exposure throughout davelopment

to juvenile,

5.

Normal SEMJ.!‘ Datas
and Temperatures

months; range for spawning

6.

Special Temperature
Requirements for
Reproduction

1 As available in the literaturs only.
2 Indicated by final preferendum for fish.

3 Only for species readily resared or held in the laboratory.
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Thermal effacts studies applicable to major taxa or broad biotic
categories are summarized in Table 3. Applicable thermal effects data
should be obtained for each RIS selected. Remarks om study and cotes of
spplication of the rssults to make 316(a) and (b) decisions are indicatad
hers.

1. High temperaturs survival for juvenilas and adults:

Method: Datarmine TLS (a.g., 48-hr. = ultimates incipieant lethal
temperaturas) for juvcn.glu and non-breeding adults. Acclimatiom
tsaperature should approximate the highest temperature at which the
fish can be hsld. Expase animal to elevstad temperatures in an acute
(instantaneous) manner.

Application of Results: The TL,, valua can be used for estimacion
of the upper non-lo:gal limie 139 the life-history scage in question
(24-Aar. n.g nigus 2°C). The TL.., Valus also can be used to
estimate t 9 upper temperaturse ligi: for appreciable growth (24=hr.-TL
zinus optimum growth time).

2. Thermal shock tolerance of selected life-history stages:

a) For juveniles and adults, simulats winter plant shutdowan
stress of plume entrained fishes snd moctile macro-crustaces.

Method: Expose organisms to acute temperature drope equal to the
range of expected discharge t’s, using saxisum wvinter plume
temperature as the acclimation temperature. Indicsate temperature test
regimes which produce equilibrium loss of 50T of che sample within 4
hours and mortality after 24 bours.

Application of Results: Identified vinter plume vs. ambient
temperaturs conditions which could result in thermal shock ia

the event of plant shutdown, and an ensuing high loss of
orgaaisms dus to markedly increasaed susceptibility to predaticm.

b) For meroplankton, simulate temperature shock upon traversing
a thermal plums.

Method: Expose eggs, smbryos, and larvae to acute temperaturs
elevations, followad by an acute drop in temperature at s
series of axposure times and temperature gradisnts reflecting



plume resident times and temperatures. Acclimation temperaturs
should equal nstural seascnal smbient counditions. Maximm test
temperature should range up to the TLgy level for adults.
Indicate time—-cemperature regime leading to death of 50X of

the sample.

Application of Results: Lathal time-Cemperaturs stress regine
minus 2 C can be used to esctimste temperature limits of normal

prey avoidance behavior. Increased tempersture rasults in higher
predation pressurs.

Esctimation of optimum temperaturs for growth:

a) PFish and macroinvertebrates - dstermine rate of growth
(langth or weaight incresase) vhen maintained at a series of
elevatead temperatures and at othervisa near-optimm
environmental conditions, with food provided ad libitum.

b) Fish == determinations of final behavioral temperaturs

prafarendum will closaly corrasnond to the temparaturs

which is optimal for many phyliologic;l processas,
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Method: HMaincaio fertilizad eggs under a series of slevacad
temperature regimes to deteraine ainimum, optimus and zaximum
conditions permitting greater than 80X survival to complaetion of
dcvclop-.nt of juvcnilc (L.s., post-larval mscamorphosis; in
fish, to the point of successful initiatiom of :ccaxng). Note
that diurnally cyclic temparaturs regimes wvith a 5°C total range
can de more adaptive for enhanced thermal tolerance than is a
constant, non=cyclic temperature regimas.
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Normal spawning dates and Ctemperatures:

Mathod: Cite range of datess (dy aonth) and threshold temparatures
reported to initiate and inhibit gametogenesis and spawning, as
reported in the litarature for arsss closaly related to the watsr
body segment in question.

Application of Results: To provide background information to
evaluate seasoually the relative impact of thermal discharge oun
timing of reproductive activities.

Special temperature requirement for rasproduction:

Method: Information should be provided as svailabla in previcusly
published studies. Examples of relevant "special requirementcs”
incliude:

a) Minimum of 10°C must be experienced bdefore gametogenesis
can ba initisted {n two boreal barnacles; and

b) Winter chill required for successful development iz yellow
perch.
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3.5.3 Engineering and Hydrological Data for Type II Demcustraciom

This section describes tha engineering and hydrologic information
vhich should cormally be included in 316(a) demcasztratiouns. It also
suggests formats for presentation of such informaticn. The Regicunal
Administrator/Director may requeast additional information or excuse the
applicant from preparaticu of portions of this informacicn as the situation
wvarrants. The eangineering and hydrologic information to be submitted
should consist of all information ressouably uecassary for the analysis.
Whera information listed in this chapter is not relevant to the particular
case, Lt should be excused.

The enginearing and hydrologic information and data supplied in
support of & 316(a) demonstration should be accompanied by adequace
descriptive zaterial concerning its source. Data from scientific litera=~
ture, field work, laboratory experiments, analytical modeling, infrared
surveys and hydraulic modeling will all be acceptabls, assuming adequatas
sciencific justification for their use is presented.

In addicion to the results obtained from analytical hydraulic
mncdels the applicant should present, under separate cover, the model
vhich was used. The model should contain a rationale explaining why this
particular oodel vas used and explanations of all modifications to the
original work.

3.5.3.1 DPlant Operating Daca.

1. Cooling watar flov. Complete Table C (indicate units)
and provide a descriptive flow diagram.

2. Submit a time-temparature profile grapbh indicating
temperature on the vertical and horizontal scale. The
graph should indicate status of wvater teaperaturse from
acbisnt conditions through the cooling system, and
finally the discharge plume ocut to the loC isotherm.
Worst case, anticipated average conditions, and ideal
{(e.g., xinizum time/temperature impact) conditiouns
should be illustrated (prefsrably on the same graph)
consistant vith represectative plumas illustrated.

3. The amount of chlorine used daily, monthly and annually,
the frequancy and duratiom of chlorinsation and the
asximum total chlorine residual at the point of discharge
cbtained during any clorination cycle. The chlorine
demand of the receiving water dody. For existing
plants, 8 time—-concentration graph of total chlorine
residual st the point of discharge during a chlorination
event.



3.5.3.2

4.
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A list of any other chemicals, additives or other
discharges (with schematic diagrama) which discharge
into the cooling water system including generic name,
amownt (ineluding frecuency and duration of application

and the maximum conccn:ra:ian obtained prior to

dilurion), chemical r-n-m.{rinn and the reason for

A map of existing dissolved oxygen levels including

vartical profilss io the plums and dischargs vicialry

in 0.5 ng/l iocrements for both sverage and worst

Lasa CWELU“. Wu-K- 35:““&5‘5&0“ oT Ul- PS- S8LCS

of Biochemical Oxygen Demand (BOD) dischnr;u will
possibly lead to depression of oxygen levels as a
rasult of the thermal discharge, the extent of the

effact should be estimated.

A map of othar contaminants within the plume caused
by other discharges and natural sources for both
average and worst case conditioms.

Bydrologic Information

1.

2.

Flow: Provide information called for delov as
applicable to the locaticn of the intake and discharge.

A. Bivers: flowv—monthly oeans and minima (rolling
mesn, /-day, l0-year low flows) for each

month.

X. Esruaries: fresh watar input. ridal flow volumas
net tidal flux-—eonthly means and ainima for
each-=circulation pactterns from rypical tidal

C. Reservoirs: flow through tims, rslease schedules—

mmm il mavccs 2ad wdadma
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characteristics.

Currents: Provide the information callad for bdalow,
as spplicable to the site:

A. Rivers: oaximm, ainimum, and msan current speed
giving daily, monthly or seasonal fluctuatiouns
and varistions across cross-sections as appropriate
to describe hydro-dynamics of ths primary
study arsa. Include speeds at mean annual flowvw
to 7~day, 1l0-~vyear lov flov.
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B. Estuaries: tidal and seasonal changes in curreant
speed and direction. (Vertical profiles of current
are needed where density currents occur.)

C. Large lakes and oceans: offshors prevailing currtents,
near shore currants/eddies; local tidal and seasonal
changes in current speed and direction.

3. Tabulata or {llusctrate moanchly and sesscunal gradients
for bocth thermal and salinity induced scratificacion
at representative locaticms in the study area (counsistent
with the complaxity of cthe study aresa counditions). I£
intaka and discharge conditicns are identical then so
state and provide only one tabulation or illustratiom.

4. Tabulate or illustrate ambient temperature of the receiving
wvaters, giving monthly means and mounthly extremes for che
preceding 10 years as data svailability permicts. If
comparable site wvatars are used, indicate che basis and
limics of comparablity. Ian additiom, for biologically
critical periods, wveekly means and extremes, frequency
discributions and daily variation should be provided.
Temperacure data upon which these values are based should,
1f possible, be obtained at least once hourly.

5. Indicate intake and recaiving watars depth contours at 1 zeter
intervals and any changes vwhich may occur due to sadizent
movements, construction, etc. Indicate botzom type.

Provide other significant festures (s.g., chermal bar) and
characteristics needed to evaluste the hydrodynsmics

of the primary and far field study area. Information

ou vater body size, surface area, volume, mean depch and
zsaximum depth.

3.5.3.3 Msteorological Data

If energy budget computations are included as part of the
316(a) demonscration, provide the following daily average mateoro—-
logical data for the plant site, giving both monthly means and
seascnal extremes. Indicate units:
l. Wet bulb air temperacure.
2. Dry buldb air temperatura (verified to site conditiouns).
3. Wind speed and direction.

4, Long wvave (atmospheric) radiation (may be calculated).
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Short wave (solar) radiation (may be calculated).
Cloud cover.

Evapotranspiration (may be calculacad).

3.5.3.4 Qutfall Configuration and Operation.

Provide the following informatiom om outfall configuration
and operation, indicating units:

Length of discharge pipe or caasl

Area and dimensions of discharge port(s)
Mumber of discharge port(s)

Spacing (on centars) of discharge ports
Depth (mesan and extremes)

Angle of discharge as a function of:

A. horizontal axis

3. verticsl axis

c. current dirsctions

3.5.3.5 Plume Data Requirements.

The applicant will furnish estimates based upon model
predictions and/or fiald data at existing plants of the following

plume data:

1.

Utilizing the lcad informacion {n Table C, wind rose
dats and tidal/current data, & plume cose or locus of
plumes shall be provided for each calendar aonth.

The plumes shall be bounded by the 2°C above

smbient isotherm. This shall be dona for both surfaca
isotherms and bottom isotherms when contact with
benthic areas is mada.

Rapresantative plumes of the maximum size and most
frequently occurring plumes shal% be detailed showing
instantaneous isotherms at the 2°C intervals to
within 1°C of smbient for conditioms of variactions

in tide, wind and current.



A, BRivers: Plumes for avearage and 7-day, l0-yesar
lov flows should be providad.

B. Lakes and Reservoirs: ?lumes for summer conditions,
vinter conditcions and after spring and fall
overturns should also be provided. For flood
control reservoirs, plumes for varicus water

levels should be ptavidod.

3. Por isocthera plots required in number 2 above,

veartical temnerarurs profiles a2long the plume

ertical temperacure pr along the plume
extending to the boc:on of the water body at
intervals to within 1°C of ambienc.

3.5.6.2 Engineering and Hvdrological Data.

The information required in this section, for the z:ost
part, consists of parameters which are necessary input to analytical
or physical predictive hydraulic or energy budget models. More
informaction may be provided by the applicant for his particular
demonstraction, but this example represents the degree of detail
which will be necassary in most casas.

The following corresponds dirsctly with che raspaccive
paragraphs in sectiom 3.6:

l. Plant Operating Data. Table C - The data required in
Table C are oecessary because they are required for
predictive modeling. These numerical data also allow
the reviewear to observe wacter usage.

Time-Temperature Profile - The predicted time—temperature
profile should be included because it {lluscraces

vhat a typical non-motile psarticle would be subjec:

to when entrapped and/or entrained in che cooling

vater system. Certain biological effects could be
estimated with this type of input but the reviewer is
csutioned not to assume this to be totally represencative
of stresses encountared on entrapped and/or entrained
organisms. This pach is an i{dealized stresmline

which, {o all probability, would not occur due o
turbulence of cooling water flow.

Chlorine - Chlorine is a toxic alement and {f {c is
to be used by the discharger tc concrol the growth of
flora and fauna in the cooling water system, its
usage should be projected. In most power plants
chlorine is injectad to the cooling water system for
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periods ranging from 15 ainutes o0 two hours per
application. The number of applications is site
specific but usually totals less than two hours total
per day. Ideally, only exact smounts of chlorine are
introduced %0 that it reacts entirely, leaving co

sctive residual at the discharge. In practice this is
difficult to achieve, and some chlorine compounds are
discharged. Chlorine reacts with dissolved organic
satter in the cooling wvatar to form various chlorinstad
organics which may be harmful to the balancad indigenous
communicty. It i{s therefors necsssary to project thes
usage of chlorine and consider the results of its
inceraction with the thermal component of the discharga.

Thermal Interaction - Section 316(a) specifies that

the thermal component of the dischargs zust be evaluated
... taking into account the interaction of such

thermal components with other pollutantcs...”. While
data on such synergistic effects are limited, certain
information will assist the Regional Administrator/

Director in assessing potential harmful Iintaractiouns.

Other Chemicals - The addition of heat maay increase

the effect of other chemicals in the water body.

Chenical informaczion is needed to evaluate possible
effeacts of this kind and to properly interprat biological
data for thermal effects alome.

Hydrological Information. This entire section deals

with conditions of the rscaiving water. This iaformation
should be required because it is basic siting information,
modeling input data and necassary f{or proper interpretation
of biological daca.

Meteorological Data. This informacion should de
included where snergy budget computations are made as
part of the 316(a) demonstration. Iz is not intended
that all dsmonstrations include this data. When in
doubt the applicant should discuss this with the
Regional Adminiscrator/Director.

Outfall Configuration and Operation. These numerical
data describing che geometry and orientation of the

outfall are necessary input for all predictive plume
models.
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5. Plume Data Requirements. This data is the reasulc of
the modeling effort. While the results may be preseanted
in many formats, these suggested plume configuracions
yield a graphic portrayal of where the heat (s going.
These maps are necassary for making qualitacive and
quanticative assessaents of bioclogical changes.

3.5.4 Syuthesis of All Information Into "Master"” Ecosystsm Ratiouale

The Master Rationales of the demonstration should summarize the
key findings in a concise asnner and should form a convincing argument
that the bslanced, indigenocus communicy will be protected. The rationale
should include a summary of an "overall picture” of the ecosystem as
projected by che six Biotic Category Raticunales, the resourcs zones
impacted, and a summary of wvhy the information in the rationales, along
vich the predictions in the RIS Rationale, the engineering and hydrological

data, and other kay facts, suggesc that the balanced indigenous communi:y
will be protected.

3.5.5 Suggestad Format for Type 1I Demoustration
(EXAMPLE) TABLE OF CONTENTS
I. Iantroduction (Brief)

II. Master Rationale for Demonstration (see Section 3.5.4 for
Contant)

II1. Representative Important Species Rationals (Section 3.5.2)
IV. Biotic Category Rationsles (Section 3.5.1)
A. Phytoplanktom

l. Decision Criteria
2. Rationale

B. Zooplankton

l. Decision Criteria
2. Rationale

C. Habitat Formers

l. Decision Criteria
2. Raticoale
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1f seasonal variations occur, this should be indicated.

J variations of intake velocity with changes in ambient conditions (e.g., river flow, tidel height, water level) should
be noted.

4 Discharge A T = Diacharge temperature - Intake temnerature ({n many cases, condenser AT e equivalent to discharge

15 =3 L =LE=s STy LRONCTNRTER &= = -

A T; however, this is not the case for plants vith supplemental coollng)

Discharge velocity should be provided at the point where cooling water leaves the dischetge structure. Variastions ia
discharge velocity, with changea in ambient conditions (e.g., river flow, tidal height, wvater level) mhould be noted
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D. Shellfish/Macroinovertebracas

1. Dacision Critaria

2. Rationale

T Peah

e Pamu
M Nandadan Peudsacdta
- VWA AUE waLuEBL LA
2. Rationale

F. Other Vertebrate Wildlife

1. Decision Criteria
2. Rationale

Brief Summary of Engineering and Hydroiogical Data and Why

the Data are Supportive of che Predictions in the Above

Rationales
Demonstration Appendices
A. TInformation Supporting Master Rationale

B. Informatiom Supporting Represantative Important §
Rationals

C. Informationm Supporting Biotic Category Rationales

1. BRaseline Dats (see Sectiom 4.1)
) MNeanvaadan Af Dalardinnahin Af rha Dhosdiral Naer
LN J o P MO AW - “'----vu-u-r e Ly 2 - “l - & g 2 1
to the Summary Rationales and Choice of Models
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the Open Scientific Literaturs

pecies
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Discussion of Why the Required Data are Necessary for Making
316(a) Determinations

.6 .l

Biological Data.

l.

Phytoplankton. The organisms of the phytoplankton

community are 2 principal food source for most
zooplankton and for some fish speciss. They =may
also becoma important in relatiom to industrial
or recreational water use if blooms of certain
species occur, wvhich can have a variety of dele—-
terious effeacts (e.g., clog filters and intaka
nifrnaa {dmnave rsasaran and AdAare A wvarawr)

’bv‘.’ “P-bb L2 A1 2 J - AWl LA A X -] - TS eWA /] e

| ¥ prgenpu— an o Whadd oo messat am Phoe madamd oe Al sdoava
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and streams, cnn be classified as '"low potentcial
impact arsas" for phytoplanmktoa, and relacively
little information is naecessary for a 3Il6(a)
demonstration. Nevertheless, more detailed data

may be necessary in some instances if phyto-
plankton is a substantial compoment of food
chains supporting the balanced indigencus popu-
iation or if the thermal discharge is ilikely to
cause a shift towards nuisance species. Evaen
if firm predictions cannot be zade on the basis
of the increased data, these data aay be
necessary as a base for comparison with post-
operational momitoring surveys to detect long-
term community shifts.

A. Standing Crop Escimates. Esctimates of
standing crop are useful in determining

the importance of phytoplanktonm in the
productivity of the impacted body of wacer.
Productivity is a principal factor in
defining high and low impact arsas.

8. Species Composition and Abundance. Taxonomic
information will characterize tha phytoplankton
associsted with the discharge area and will
provide baseline data for detecting any
shifts in species composition accompanying

thermal dinchargn. A change in composition

{is aften an indication that a nuisance

condition may occur and that the food web

of the system is being altered.
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C. Delineation of Euohotic Zons. The suphotic
zone of 2 water column is the upper layer
into which sufficient light penetrates to
permit photosynthesis. The comparison of
this zone to the configuratiom of the
discharge plume will indicate how much the
thermal discharge will affect the produc~
tivicy of the impacted body of wacar.

Zooplankton and Mercplankton. The zooplamkton=-
maroplankton community is a kay supportive

component of the aquatic systam. It is a primary
food source for larval fish and shellfish and also
makes up a portion of the diets of some adult
species. Many important species of fish and wild~
life have planktonic life stages (cermed mero—
plankton, to differentiate them from organisus

vhich are planktonic throughout cheir entire life
cycle). If a heated discharge «ills or pravencs
davelopment of the meroplankton, fewar adult fish and
shellfish will be produced sach year. Estuarins
envirouments are especially critical decause of their
high productivity and utilization as spawning and
nursery areas for species with meroplankionic larvae.

Specific cypes of data are sssential for the
folloving reasous:

A. Standing Crop Estimates. Informatioa on
standing crop halps in defining the importance

of zooplankton and mearoplankton in realatliocm to
the productivity of the affsctad system. Any
sigunificanc change in standing crop becoming
evident during post-operational =monitoring may
indicace an adverse impact resulting from the
heated discharge.

B. Species Composition sud Abundance. These data
will idencify dominant taxa in the systea and
provide baseline information for ocbserving
changes accompanying thermal discharge. Any
appreciative altaration in the composition aand
relative abundance of the zooplankton and mero-
plankton constitutes an imbalance in the
community sand i{ndicatas possible adverse impact.
Species data and related thermal tolarancs
informacion are slso useful in developing thermal
limits for tha sffluent.



C. Seasonal Variations. This information is
essential for assessing impact because different
spacies, wvith different thermal tolerances,
become dominant at varying times of the year.

It will also shov when the important mero=
plankters are present {n the discharge area.

D. Diel and Tidal Distribution. Sampling to show
diel and cidal fluctuations {n depth distribu-
tion are necessary because zooplankton and
saroplankton organisas demonstrate distinct
vertical movements which may be a funcrion of
both light intensity and tidal stage. The
organisas are thus vulnerable to a discharge
plume in varying degrees at different cimes
of the day.

3. Habitat Formers. The role of habitat formers in an
aquatic systam remains unquastionably unique and
essencial to the propagation and well-being of fish,
shellfish, and wildlife. Purthermore, habitat
formers, particularly in the marine and estuarine
enviromments, are a limited resource, slow to re—
establish, and non-rsnevable in some cases. These
organisms are subject to damage by a discharge
plume in a oumber of ways. Rooted aquatic plantcs,
including kelp, zay be damaged or destroved by
excessive temperaturss, velocities, turbidicy, or
silcation. Organisms zay be damaged or destroved
by chlorine or other biocides contained in sinking
plumes that flow along the bottom in winter.
Thermal discharges may affect the natural balancse
of the bacteris and algae populacions, favoring
the bacteria. This situation, in turm, could
reduce oxygen levels by increasing the smount of
decomposing materials and could adversely affect
habitat formers.

The proposed studies represent a ninimal data
base for the evaluation of the applicant’s
eligibilicy for modification of thermal treatment
technology requirements. The data ars necassary
for the following rsasons:

A. Mapping. Aserial mapping is required for s
detailed depiction of the spatial distri-
bution of habitac formers in relatiom to
the projected and actusl plume configuration.
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B. Species Composition. Species composition
information will identify the types of
habitat formers associatad with the discharge
vicinity and provide a basis for determining
thermal tolarance levels for selected species.
Also, baseline information on diversity is
essential to dstermine any compositional
shifts in species with the addition of hest.
Species raplacements are often the first
signs of an impending auisance condition
that ulcimately leads to costly control and
eradication programs.

C. Standing Crop Estimstes. Studies to deter-
mine seasonal incrssses in standing crop
biomass serve two purposes. First, a
measurad increase in bicmass (dry weight)
of primary producers ovar the growving
SGASOR IRPresants a conservative estimate
of net production, vhich in turn reprasents a
general messurs of the functional well-being
of che habizat formers and hence reflects
the potential well-being of the orgacisas
dependent on them for their success. Veri-
fication of this relatioanship requires
councomicant sampling of the habitac for
the presence or absencs of the principal
associated species. A secondary purpose
for standing crop estimates is to ideatify
any accslerated growth of macrophytes with
increasing temperatures, which could lead
to nuisance conditionms.

D. Identification of Threatened or Endangered
Species or Dominant Species of Fish Depend-

ent Upou Habitat Formers. This informacion
is useful in assessing impact in the case

of adverse sffects from heatsd dischargs.
Pocencial indirect adverse impact aight
othervise be overlookad.

Shellfish/Macroinvertebrates. Functionally the macro-

ingvertsbrate fauna serves aan in auwmerous ways. They
are an important compounent of aquatic food wabs aad
aany invertebratas are directly important to man as

a source of high-quality protein and as bait for
sport and commercisl fishermen. They modify and
condition aquatic substrates and also aid in the
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breakdown and decomposition of decritus, thus
contributing to detrital food chains, decrizal
transport, and nutrient cycling. Estuarine
systems are particularly important because of
their high productivity and their role as aursery
areas for benthic species.

A thermal discharge may have a variety of affects
on ascroinvertebrates. Aquatic insects having

in emergent stage day enter the atmosphere early
as & reasult of artificial heating of the water.
The adults may emerge into cold air and die
because of exposurs, because food items arse not

in phase, or because normal egg laying counditions
do not exist. Larval forms of marine inverte-
brates may develop at such high metabolic rates
that the survival of individuals may be reduced
during settling or maturation. Thermal dilscharges
may stress ecosystems and csuse shifts in communicy
structure such that although the total biomass
may not change significantly, desirable spacies
may be replaced by less desirable species not
iovolved directly in the food chain. The dis-
charge of heat may cause stratificationm, which
may diminish dissclved oxygen in the bottom

layer and possibly eliminate benthic fauna.

Specific typas of data are useful for the
following reasons:

A. Standing Crop Estimaces. These estimates
are useful in dectermining the importance
of macroinvertebrates to the productivity
of the river or stresm being impactad by
the discharge. As previously discussed,
the productivity of the affected portion
of the system is a key factor in defining
lowv and high impact aresas.

B. Community Structure. The total anumber of
spaciss and the relative abundance of
{ndividual species (both componentcs of
diversity) in an aquatic system are s
function of the physical, chemical, and
blological characteristics of the system.
Bacause diversity is sensitive to signif-
icant changes in the characteristics of
the system (such as introduced heat), it
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can be an indicator of envirommental strass.
Additionally, a reduction in the diversity of
a systam frequently results in a diversiom

of production into noo~useful forms.

Drift. In flowing waters, drift i{s an important
survival msechanise for many species of macroin-
verteabrates. Since it is a passive functiom,
the drifting organisas are subject to lathal
temperatures occurring in a thermal plums.

Drift is a stepvise dowvnstream phenomenon, and
many aquatic insects have s concomitant upstream
novement of reproducing adults. The plume aay
thus affact populations both upstream and
dovnstresm from the area where mortality
actually occurs.

Mapping. Mapping is necessary for a detailed
reprasentation of the distributiom of substrTates.
This graphic informsacion is important ian the
design of sampling studies, evaluating the
suitabilicy of the system for various benthic
forms.

5. Fish., The discharge of waste heat can affect fish
populations in many wvays. The various data required
are necessary in order to provide characterizacion
of the indigenous fish community for che development
of the RIS concept, to idantify habitat utilizationm
by the various populatiocans, asd to provide baseline
information for comparison with post-operational
studies.

Specific data parametars are reslated to possible
adverse impacts from thermal discharge:

A.

Species Level. Information on the spawning
habits of individual species are necessary
for assessing impact because spawning times
aay be shifted by chermal additions or
habitacs may be altsred by scour or by
changes in the habitat former community.
Habitat use by any life stage may similarly
be affected. Migration is an important
factor to consider because thermal discharges
can block upetream migration routes of
spawning adults and downstream movements

of small fish, Condition factors are
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useful ip evaluation because heat additions
may cause a loss of condition in certaino
species, especially in winter vhen their
metabolic race is scill high dut food supply
is low.

The incidence of disease and parasitiss may
increase vith a rise in wvater temperaturs.
Age and growth data are helpful in coaparing
affeacted and non-affected areas, pre- and
post-operational conditions.

B. Community Level. Data on species cowpositioun,
relative abundance, and principal associations
will define the dominantc fish species at the
sits. Any appreclable change in these parzmetars
signals an imbalance in the community and nay
indicate an adverse !mpact resulting from the
thermal dischargs. Species information is also
necsssary for developing thermal limits for
the effluent.

C. Mapping. Maps are rsgquired in order to represent
habitat areas {used for spawning, migration, etc.)
im relation to the configuration of the discharge
plume.

Other Verzebrate Wildlife. Data will be required in
relatively fev cases for this biotic category. In
those cases wvhere data is required, the type of data
needed is decided by the applicant. The data
salected should be the least smount of data necessary
to complece chis section of the demonstractiom.

Representative Important Species. Making predictions
about "what will happen” are difficulc wvithout detailad

information on the snvironmental rsquirsments of
communities or at least many populations and specias.
As mentioned in section 13.5.2, it is not esconomically
feasible to study each spacies in graat detail at each
site. Therefora a fev species ars selected for
datailed laboratory and literature survey. The data
requirements of Tables A and B (sectiom 3.5.2.2) are
recommanded as being helpful to those makiag 316(a)
decisions for the following ressouns:
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They allow an estimation of the size of the
arsas which will be excluded for kay biological
functions and the duration of the exclusion.

They provide the basis for at lsast rough
predictions of high temperaturs survival, heat
and cold shock, and effects on reproduction
and growth.



3.6 Type III Low Potential Impact Deterzinatiouns

If the Regional Administrator/Director determines, after early
screaening studies, that the site is one of low no;ggchl impect for all

biotic categories, the spplicant may elect to do a "short foru demon—
scracion, the "low Potentcial Impact Type III Demonstration The hasic
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Type 111 demonstrations in general ars essentially any alterna-
tive demonstration type agreed upcon by the applicant and the Regional
Adminiscractor/Direczor. The Low Potantial Impact Type 1II demomnstration
proposed here is simply a recommended "short form" demonstration which
considers information from each biotic category. This ensures that no
major blotic category is igunoted altogecher and thus snsures that bdoth
the regulacory ageccies and the applicant have examined and made
judgments for asach biotic category, but discourages collection of
excess or unnesded data.

After the prealiminary screening studies and determinations that
all biotic categories are of low potential impact, the applicant
summarizes this information (along with engineering and hydrological
data and any other pertinent informacion) in one master rationale and
submits the demonstration to the Regional Administrator/Director.

The format of the submirral should be similar to that suggested

in saction 1.5. 5 axcept that the RIS sections should be deleted.



3.7 Other Type III Demonstrations (Biological,
Engineering, and Other Dacta)

Those applicants not qualifying for s Low Potential [mpact demon-
stration and aot desiring to do a Typs 11 demonstration, may (with the
written concurrance of the Ragional Administrator/Dirsctor) do a regular
Tyve III demcuscration. A Type II1 demonstration providas for the
submittal of any information which the Regional Administracor/Director
believes may be necassary or appropriata to facilitate evaluation of a
particular discharge. This demonstration alsoc provides for submittal of
any additional information which the applicant may wish to have considered.
Each Typc III demonscration should consist of information and data

Dacailed definition of a genarally apnlicable Type III demon-
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and evaluation tachniques and knovlcdgc, and the case-specific nature

¢f the demcomstratican. Pricr tc undertaking asy Type III demoumstraticm,

the applicant should consult with and obtain the advice of the Ragional

administrator/Dirsctor regarding a proposad spscific plan of study aad

demoustration. Uecision guidance may also be suggested.

12 :hc sitc 11 one ot lov potcn:isl ﬁrpnc: for uoa: biotic
Hltlr ﬂlpactnd low percentage of cross ssction of receiving water
affected, etc.) suggesting low potencial for aquactic impact, the demon~
stration may not need to be completad in much more detail than the Low
Potential Impact demonstration ocutiined in sectiom 3.8. For most other
sites, the demounstration should reflect a degrss of detail and degree
of proof comparable to the Type II demonstraction (sactiom 3.5). While
Type 111 information may be different in thrust and focus, proofs should
be generally as comprshecsive as in Type [1 demounstrations and should
result in similar levels of assurance of biotic protecticn.

Each item of information or data submitted as a part of a Tvpe
II1 demonstration should be accompanied by rationales comparable to
those cutlined in sections 3.5.1 and 3.5.4. The format of che
demonstration should be similar to that cutlined in sectionm 3.5.5
sxcspt that the RIS sactions should bes deletad.
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1.8 Decision Criteria

3.8.1 Bioctic Categorias

Dacision critaria for each biotic catagory ars given in section
3.3. The Regional Administrator/Dirsctor will compars the rationales
(and other data) for each biotic category with the decision criteria in
section 3.3 and detemine if the decision criteria have been m:et.

3.8.2 Representative Important Species

The Ragional Administracor/Director will find the Representacive
Important Species Rationale and ocher RIS information to be unacceptable
{f cthe iaformation presentad:

1. 1is too incomplete to allov a clear assessmenc; or

2. suggests (or does not provide a convincing argument
to the contrary) that the balancad indigenous popu-
lation may suffer appreciabla harm because of:

A. high temperaturs survival factors;
B. heat or cold shock;

C. improper temperature for grovwth, development,
and reproductiom; or

D. the exclusiou of areas and volumes of watcer
from the above functions in critical combina-
tiona of time and space.

3.8.3 Resource Zones in Aquatic Systems

The strategies for reproduction, growth, and survival of the
indigenous biota of freshwater, estuarine, and marine ecosystems are
keyed to spatial and temporal variations in the structure (physical and
chemical) of the environmmen:z. This structural variation in the enoviron-
ment, as it relates to the biota and to uses by zan, has led to the
concept of resourcs or 'value zones" for use in evaluating or predicting
the level of damage to aquatic systems from human activities. Since
such zones vary in location, size, season of utilization, and criticality
of function, their identification is also useful in planning purposes
such as the siting of mixing zones for heated discharges. Application
of this concept involves the identification and mapping of rasource
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zoues and critical functions* so that mixing zones can be sited in
areas having ainimum adverse lmpact on aquatic resources. DBasic precepts
necessary to application of the resource zooing concept include:

1. 4All discharges in the watar body segmenz must be
considered.

2. The acceptable area of damage is related to the
resource value of the impacted area.

3. In cases whers the effects of the discharged wasts
are transitory, the timing of mixing zone use is
related to seasonal utilization of the impacted
area.

4. The acceptable area of damage is related to the
total amount of equivalent area svailable in the
vatesr body segment.

S. Areas supporting "critical functions”" should be
avoided (note item 3 above).

6. Acceptable damsge is related to species generation
time and/or fecundity.

7. For a given locatioun, the smsller the damaged area
the bettar.

3.8.3.1 Tvpical Resource Value Zones.

The following annotated list includes resource value zones
vhich should be considered in the designation of amaixing zoues for
heated discharges:

1. Spawning Sitas. Reproductiomn is obviously a
eritical function in the survival of & species.
Two factors of {mportance in designacing amixing
zones are the oftean limited area of habitat
suitable for the spawning of a specias and the
limited time during which spawning occurs.

% A zons having a "critical function" is one that provides & major coun-
tribution to primary productivity or is ona that is limited in extent
and nacessary for the propagation and survival of a species.
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If cthe svailability of spawning sicas for am impor-
tant species 1is limited in exteat, then such areas
can generally be avoided and should not be designated
for the disposal of wvaste heat. If it is totally
impossible to avoid such sites, then the use for
mixing should be timed to avoid the period of
spawning. Seasonal gvoidance is only fsasible if

the effacts of the discharge are transitory.

Food-Producing Areas. The productivizy of aquatic
systems 13 directly relaced to the inputs of

organic macter from green plants. The free-floating,
ralatively immotile microscopic plants {(phytoplanmkton)
are short-lived with rapid turnover ratas and thus
may oot be critical in terms of aixing zones for
heated discharges. The rooted vascular plants and
macroalgae (macrophytas) which, wvith suitable
substrate, grov from the shoreline to the depth of
the photic zone (depth to which 1 perceant of

incident light penetratas) are relatively loung~
lived and perform a number of "critical functions”
including:

A. The production and export of vast quantitiaes
of organic fusl i{n the form of detritus——
some are zmong the most productive plant
communities knowm.

B. As a result of gan abundance of food and
cover, they serve as nursaery areas for the
immature stages of many finfish and shell-
£i‘h0

C. The trapping and recycling of autrients.
D. The stabilization and building of substrate.

Included in the category of food-producing areas are
the wetlands~~the interface betwveaen terrastrial and
aquatic eoviromments—vhich, {an addition to the
above enumerated functions, serve as freshwater
recharge aresas that meter freshwater inputs to lakas,
rivers, and estuariss.

Beacause of the many important and critical functions
performed, the watlands and other araas of macrophyte
production in aquatic systems should be svoided when
planning and designating mixing zones for heated
discharges.
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3. Nursery Aresas. These are areas having an abundance
of food and cover for tha growth and development
of the early life stages of many finfish and shellfish.

Since the sarly life stages are the pericds of maxinum

growth rates nnd maximum vulnn:abili:y to predation,

che nnilnh(I{Pv of suirahle nursery aress may ha rthe

liziting tac:ot determining the abund:ncc of & species.

Thus, the zones of freshwater, estuarine, and marine
scosystems idantified as aursary areas have high
rssourcs valus and should gsmarally be avoided vhan

designating aixing zones.

4, gtatorv Pathwavs. Included in this category are

cmd V1 mad £a —— . . a8 mmad Smomnm ommacond -
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» feeding grounds, and aoursery aresas; thus,
sctage involved may be adult, egg, larval, or
- In some cases, thess pathways are very
ribed; and total blockage could result in
axtermination of a population in the water body
segment. Since thess pathways serve a "cricical
function,” they have high resource value and should be
svoided wvhen planning the discharge of wasts heat.
Iz situations vhere the usage of pathwsys is seasonal
and the effecta of the discharge are transitory,
deletarious effects may be gvoided by proper timing
of disposal. In terms of powar plants, this ssasonal
usage is important in evaluating che feasibility of
seasonal mode cperation of cooling devices.
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A consideration of zones critical to endangered species,
usage by waterfowl asnd wildlife, and shellfish beds are addicional
resource values that must be considered when selecting aixing zones
for heated discharges.

3.8.3.2 Methodolozy.

As discussed above., discharge sites should be selectad

vhich will have the least impact on important rasource zones and
“"eritical funetions.” The application of this concapt to the

salection of mixing zones is a stapvise procadurs involving:

= A definition of the water body segment.

amd am amcamawasd
il e -u_.‘.‘

and survival.

= Selection and 1 ing of RIS in tha watsr body segment
' 4 |8 -
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~ Preparation of a map of the water body segmenc showing
zones of resourcs use, including areas supporzing “critical
functions."”

- Assignment of & numericsl value, per unit area, to each
rasource use.

= Superimpose predictsd plumes on rssource maps and selact
sites having lsast adverse impact on rasourca values.

1. Water B3ody Segment. In lakes and estuaries having
discrete and easily definable physical boundaries,
the designatioun of the water body segment will be
a straightforward process. In large water hodies
such as the Great Lakas, open coastal sites, aand
aajor river systems having no definable and reasonably
sizad physical boundaries, the selection of the water
body segment may pose a difficult problem. Where chey
have been defined, the water body segments determined
by the State Continuing Planning Process under section
303(e) of cthe Act will apply.

The seasonal movements of important specias of aquatic
life must be considersd vhen defining a water body
segment. The spawning sitas, nursery sites, and adult
habitat sites of many f{reshwater and marine spacies
(examples include salmonids, shrimps, crabs, spot,
croakar, flounder, whits bass, valleye, atc.) may

be widely separated and include physically differeat
vatar bodies. Seemingly slight impacts in the different
areas used by such species may result in effects

wvhich, 1f considered cumulatively, would be intolerabla.
To avoid the potentially disastrous consequances

of piecemeal consideration of adverse impacts, the
vater body definition should be sufficient to consider
potential impacts throughout the coantiguous range of
populations of important species.

2. Representative Important Species. In general, this
should include 2all species and communities of

species that sre critical to the functioning and the
productivity of the aquatic systam defined by the
wvater body segment. Specifically included are
spacies or communities which are:

- Commercially and/or recrestionally valuable.

- Threatened or endangered.
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- Primary producers—particularly those communities
supporting relatively long-lived, fixed-location
species that perform mulciple services (form and
stabiliize habitat, produce organic matter, provide
cover).

-~ Necessary (e.g., in the food chain) for the well=-
being of species determined in 1l and 2 above.
Included here ars the scavengers and decomposers
critical to the breakdowa and utilizatio# of
organic matter.

3. Map Preparation. Maps of the water body segment
should, as a minimum, include depch contours, adjacent
vatlands, tributaries and, in asctuarine situatiomns,
the average salinity gradient and s#linity stratificacion
should be visually exprassad in cross ssection. Rasourcs
zones and aress performing "critical functiouns” should
be superimposed can the same or on a similarly scaled
nap. To avoid overlapping detail, {t may somecimes be
desirable to preapare separate maps for selected
species.

4. Assigmment of Values. Once the resource zounes and
zones supporting "critical functions" have bdsen
identified and mapped, then values per unit area
can be assigned. If the effects of the discharge
are transitory and the use of the resource zone is
seasonal, the values may change throughout the vear.
1f the zone supporting a "critical function”" is
limited in extsnt and is a function which limits
the abundance and/or survival of a species, then
that zone should be given a value of {nfiniry and
thus excluded from =mixing zone use. Other zones may
be assigned values according to their arsa and their
importance in maintaining different species.

3.8.4 "Mastar” Rationale, Demonstration As a Whola

The Ragional Administrator/Director will find the demonstration
succassful {f:

1.

It s found to be acceptable in all of the considsrations
outlined in steps 20-25 of the decision train (section
3.3.2).

There is no convincing evidencs that there will be damage
to the balanced, indigenous community, or community cowm—
ponents, resulting in such phenomena as those identified
in the definition of appreciable harm.
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Receiving vater temperaturas outside any (Stata estab-
lished) mixing zone will not be in excess of the upper
temperature limits for survival, growth, and reproduction,
as applicable, of any RIS cccurring in the receiving water.

The receiving wvatars are not of such quality that in
the absence of the proposed thermal discharge excassive
growchs of nuisance organisms would taka place.

A zone of passags vill not bea impaired to ths extant
thar 1ir will not provide for the normal movement of

populations of RIS dominant species of £ish, and

eennmienllv {commarcial or recreatcional) gt‘;gglgg of

o o e o — ST s samae vs sSSAaSSSaVIESS/

There will be no adverse impact on thrsatened or
sundangarsd speciss.

There will be no destruction of unigque or rare habitac
vithout a detailed and couvincing justification of why
the destructiom should not coustituts a basis for denial.

,,,,, _

“he IPPLICM! 3 rn::.mu.us prcscnt convmcux; summaries
explaining vhy the planned use of biocides such as
chlorine will not resulr in appreciable harz to the
balanced indigenous population.
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3.9 Non-Predictive Demcnstrations (Type I,
Absence of Prior Appreciable Harm)

All of the demonstrations dona for NRC undar the Memorandum of
Understanding ars predictive. Therefore, the predictive sections of
this document were completed first. The EPA and other agencies may
decide to mount a separate effort co revise this section at a later
data. In ths meantime, most of the raquirements of sectiom 3.2
(Decision Traim), 3.3 (Early Screening Procaedures), 3.5 (Type II),
and 3.6=3.8, are applicable for detarmining lack of appreciable hara
(Type I demoustrations). The primary language which is inappropriace
and should be delated is the language on predictive factors, predictive
models, and Representative Important Species (sections 3.5.2, parts of
other sections, and section 3.8.2).
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4.0 Definitions and Concepts

The definitions and descriptions in this section pertain to a
number of terms and concepts which are pivotal to the development and
evaluation of 316(a) studies. These are developed for a general
case to aid the Regional Administrator/Director in delineating a set
of working definitions and concise endpoints requisite to a satisfactory
demonstration for a given discharge.

Adverse Environmental Impact

Adverse aquatic environmental impacts occur whenever there will be
damage as a result of thermal discharges. The critical question is the
magnitude of any adverse impact.

The magnitude of an adverse impact should be estimated both in terms
of short term and long term impact with reference to the following factors:

(1) Absolute damage (# of fish or percentage of larvae
thermally impacted on a monthly or yearly basis);

(2) Percentage damage (% of fish or larvae in existing
populations which will be thermally impacted,
respectively);

(3) Absolute and percentage damage to any endangered species:

(4) Absolute and percentage damage to any critical aquatic
organism

(5) Absolute and percentage damage to commercialy valuable
and/or sport fisheries yield; or

(6) Whether the impact would endanger (jeopardize) the
protection and propagation of a balanced population of
shellfish and fish in and on the body of water to which
the cooling water is discharged (long term impact).

Aquatic Macroinvertabrates

Aquatic macroinvertabrates are those invertabrates that are
large enough to be retained by a U.S. Standard No. 30 sieve (0.595-mm
openings) and generally can be seen by the unaided eye.
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Area of Potential Damage

The area of potential damage for RIS is defined as that area
of the thermal plume enclosed by the isotherm which coincides with the
appropriate (designated by the Regional Administrator/Director) water
quality criteria for that particular RIS. This area can be determined
from the plume rose data specified in section 3.5.3.

Balanced. Indigenous Community

The term "balanced, indigenous community” as defined here is
consistent with the term "balanced, indigenous population” in section
316(a) of the Federal Water Pollution Control Act and 40 CFR section 122.9.
A balanced, indigenous community consists of desirable species of fish,
shellfish, and wildlife, including the biota at other trophic levels
which are necessary as a part of the food chain or otherwise ecologically
important to the maintenance of the community. In keeping with the
objective of the Act, the community should be consistent with the restora-
tion and maintenance of the biological integrity of the water. (See
section 101(a).) However, it may also include species not historically
native to the area which:

1. Result from major modifications to the water body
imPoundments) or to the contiguous land area
deforestation attributable to urban or agricultural
development) which cannot reasonably be prevented,
removed, or altered.

2. Result from management intent, such as deliberate intro-
duction in connection with a wildlife management program.

3. Are species or communities whose value is primarily
scientific or aesthetic.

For purposes of a 316(a) demonstration, distribution and composition of
the indigenous population should be defined in terms of the population

which would be impacted by the thermal discharge caused by the alternative
effluent limitation proposed under 316(a). A determination of the
indigenous population should take into account all impacts on the population
except the thermal discharge. then, the discrete impact of the thermal
discharge on the indigenous population may be estimated in the course of

a 316(a) demonstration. In order to determine the indigenous population
which will be subject to a thermal discharge under an alternative 316(a)
effluent limitation, it is necessary to account for all non-thermal impacts
on the population such as industrial pollution, commercial fishing, and the
entrapment and entrainment effects of any withdrawal of cooling water through
intake structures under the alternative 316(a) effluent limitation. The above
considerations will then make it possible to estimate the true impact of

the thermal discharge on the population.
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Balanced, Indigenous Population (BIP)

For the purposes of 316(a) demonscrations, the term "balanced,
indigenous population” is synonymous with the terz “balanced, indigenous
community”' as defined sbovae.

Communitcy

A community in general is any assemblage of populations living
in a prescribed area or physical habizar; it (s an organized unit zo the
axtent that it has characteristics addizional to its individual and
population components, and functions as a unit through coupled znectabolic
transformations.

Critical Function Zona

A zone that provides a major contribution to primary productivicy
or is one that is limited in axtent and necassary for the propagation and
survival of a species,.

Director

The Dirsctor of the State NPDES permit program in those States
which have been delegated the program dy EPA.

Discharge Vicinicy

The "discharge vicinicy" is chat area described by a radius
that is 1.5 times the maximm distance from point of discharge to
wvithin 1°C of smbient. The ares of the discharge vicinity is based
on a 30-50% vartacion in the predictive thermal plume modeling.

Dominant Species

Dominant species are defined as any species represeating five
percent of the total number of organisms i{n the sample collected according
to recommended ssampling procedures.

Estuary

An estuary {s defined as a semi-enclosad coastal body of water
vhich has a free connection with the open sea; it is thus strongly
affected by tidal action, and within it sea wvater is mixed (and usually
measurably diluted) with fresh water from land drainage. It may be
difficult to pracisely delineate the boundary of estusrine and river
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habitats in the upper reaches of a fresh water river discharging into
marine wvaters. The interface is generally a dynsmic entity varying

daily and seasonally in geographical location. In such cases, determina-
tion of habitat boundaries should be established by autual agreement ot

a case-by-case basis. Vhere boundary determinacion is not clearly
established, both estuary and river habitat biological survey requirements
should be satisfied in & combined determination for environmental

eflects and best available technology for minimizing adverse impact.

Far Field Effect

A far field effect is any perturbacion of the aquatic ecosystem
outside of the primary study arsa that {s attribucable to, or could be
expectad, from the thermal discharge (taking into account the interactiocn
of the thermal componant with ocher pollutants).

Far Field Study Area (FFSA)

The far field study area is that portion of the receiving
vater body, exclusive of the primary study ares, in wvhich impacts of
the thermal discharge and its interaction with ocher pollutcants are
likely to occur. The area shall include:

L. The zones vhere the habitats are comparable to
those existing in the primary sctudy arsa, and

2. The zones {inhabited by populacions of organisms
that may encountar the thermal effluent during
their life hiscory.

The actual boundary of the far field study area should be agreed
upon by the Regional Administcrator/Diresctor.

Habicat Formers

Habicat formers are any assemblage of plants and/or animals
charactarizaed by a relatively sessile life stage with aggregated
distribution and functioning as:

1. A living and/or formerly living substrate for
the attaclment of epibioca;

2. Either a direct or indirect food source for the
production of shellfish, fi{sh, and wildlife;



3. A biological mechanism for the stabilization and
modification of sediments and contributing to
the development of soil;

4. A nutrient cycling path or trap; or

S. Specific sites for spawning and providing nursery,
feeding, and cover areas for fish and shellfish.

Macroinvertabratas

For this document, the tarm "aacroinvertebrates" zmay be
considered synonymous with "aquatic macroinvertebrates’” as defined
above.

Meroplankton

For the purposes of this document, meroplankton are defined as
planktonic life stages (often eggs or larvae) of £ish or iovertebratas.

Migraoes

Migrants are nonplanktonic organisms that are not permanent
residenta of the arsa but pass through the discharge zone and water
contiguous to it. Examples include che upstreaa migratioun of spawning
salmon and subsequent downstream migration of tha juvenile forms, or
organisms that inhabit an area only at certzin times for feeding or
reproduction purposas.

Nuisance Species

Any aicrobisl, plant or animal species vhich indicaces a hazard
to ecological dalance or human health and welfare that {s not naturally
a dominant feature of the indigenous community may be considered a
auisance species.

Nuisance species of phytoplankton include those algae taxa
vhich in high concentration are kmown co produce toxic, foul tasting,
or odoriferous compounds to a degree that the quality of water is
impaired.

Other Vertabrats Wildlife

The term "other vertebrate wildlife" includes wildlife which
are vertebrates (i.e., ducks, geese, manacees, etc.) but not fish.
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Organisms of rslatively small sizs, smostly microscopic, that
either have relatively small powers of locomotion or drift in the
wvaters subject to the action of wves and curTeats.

Primary Study Area

The primary study ares i{s the entire geographic area bounded
annually by the locus of the 2°C above smbient surface isotherms
(determined in section 1.5.3.5) as these isotherms are distributed
throughout an annual period. The referencs sambient temperaturs shall
be rscorded at a location agreed upon by the Regional Administrator/
Director.

Principal Macrobenthic Speciss

Principal macrobenthic species are those dominant zacroin=~
vertsbrates and plants attached or resting on the bottom or living
in bottom sediments. Examples include, but ars not limited to,
crustaceans, aollusks, polychaates, casrtain macroalgas, rooted
macrophytes, and coral.

Regional Adminiscrator (Director)

This term refars to the Regionsl Administrator of the U.S.

EPA axcaept thac in thoss States wvhich hsvs been delagated the NPDES
permit program, the term refers to the Director of the State NPDES
permit progra=.

Representative ortaat Spacies (RIS

Rapresentative, important specias are those speciass which
are: representative, in tarms of thair biological requirements, of
a balanced, indigenous community of shellfish, fish, and wildlife
in the body of water into which the discharge is made. Specifically
included are those species which are:
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1. Commercially or recreacionally valuable (i.e.,
within che top ten species landed—by dollar
value);

2. Threatenad or endangered;

3. Critical to the structure and functiom of the
ecological system (s.g., habitat formers);

4. Potentially capable of becoming localized
auisance speciass;

5. Necessary in the food chain for the well-being
of species determined in l=4; or

6. Rapresentative of che thermsl requirements of
important species but which themselves may not
be important.

Shellfish

All mollusks and crustaceans (such as oyscers, clams, shrimp,
crayfish, and crabs) which, in the course of their life cycle, con-
stitute important components of the benthic, plankronic, or nektonic
fauna in fresh and salt water.

Ihreacened or Endangered Species

A thrsatened or endangered species is any plant or animal
that has beer determined by the Secretary of Commerce or the
Secrstary of the Interior to be s threstened or endangered specias
pursuant to the Endangered Species Act of 1973, as amended.

Water Body Segmant

A water body segment is & portion of a basin the surface
vaters of vhich have common hydrologic characteristics (or flow
regulation patterns); cowmon natural physical, chemical, sud
biologicsl processes, and vhich have common reactions to sxternsl
stress, e.§., discharge of pollutants. Where they have been defined,
the vatar body segments determined by the Stata Continuing Plarning
Process under section 303(e) of the Fedaral Water Pollution Control
Act apply.

Zooplankton

Animal microorganisas living unattached {n water. They
include small crustacea such as daphnis and cyclops, and single-
celled animals such as protozoa, etc.
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I. STATEMENT OF WORK

The Federal Water Pollution Control Act Amendments of 1972
(Public Law 92-500) require cooling water intake structures to
reflect the best technology available for minimizing adverse
environmental impact.

~ Cooling water intakes can adversely impact aguatic organisms
basically in two ways. The first is entrainment, which is the taking
in of organisms with the cooling water. The organisms involved are
generally of small size, dependent on the screen mesh size, and
include p@/to- and zooplankton, fish eggs and larvae, shellfish
larvae, and many other forms of aguatic life. As these entrained
organisms pass through the plant they are subjected to numerous
sources of damage. These include mechanical damage due to physicaly
contacting internal surfaces of pumps, pipes and condensers; pressure
damage due to passage through OPumps; shear damage due to complex
water flows, thermal damage due to elevated temperatures in condenser
passage, and toxicity damage caused by the addition of biocides to
prevent condenser fouling and other corrosives. Those organisms
which survive plant passage potentially could experience delayed
mortality when returned to the receiving water.

The second way in which intakes adversely impact aquatic life
IS throggh entrapment-impingement. This is the blocking of larger
entrained organisms that enter the cooling water intake by some
type of physical barrier. Most electric generating plants have
screening equipment (usually 3/8" mesh) installed 1n the cooling
water flow to protect downstream equipment such as pumps and
condensers from damage or clogging. Larger organisms, such as
fish which enter the system and cannot pas through the screens,
are trapped ahead of them. Eventually, If a fish cannot escape
or is not removed, it will tire and become impinged on the screens.
If impingement continues for a long time period the fish may
suffocate because the water current prevents gill covers from
opening. If the fish is impinged for a short period and removed,
it may survive; however, it may lose its protective slime and/or
scales through contact with screen surfaces or from the high
pressure water jets designed to remove debris from the screens.
Delayed mortality to many species of fish following impingement
may approach 100 percent. For some species of fish, the intake
represents a double jeopardy situation where the same population
will be subject to increased mortality through entrainment of eggs
and larvae and additional mortality to juveniles and adults through
impingement.
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The data presently available on the magnitude of entrainment
losses at existing electric generating stations, although ihust beginning
to accumulate, reveds very large numbers of fish passing through some
facilities. Results of one of these studies, conducted at the Detroit
Edison plant on Lake Erie near Monroe, Michigan, indicate that 400-800
million fish Iargae may have passed through that plant during April-
August 1974. *" The fate of these larvae has not yet been determined
but the data from previous years indicate that some may have disinte-
grated during passage through the plant.

Other studies have shown that mortality may, be high among fish
larvae that pass through plant cooling sysfeps ' ™ due mainly to
mechanical damage or earm% forces. ™ ° The circulating pump has
been identified as the most likely site for mechanical damage. "
Coutant and Kedl in a simulation study have demonstrated that the
condenser tubes are an unlikely site for mechanical damage to occur.

A large amount of data are available on the magnitude of
entrapment-impingement losses at cooling water intakes. The data
available on fish losses at GJeat lakes coolinﬁ water intakes have
been summarized by Edsall. He reported the following losses:

About 92,000 pounds of gizzard shad at the
Ontario Hydro Lambton plant on the St. Clair
River in 6 weeks during December 1971 -

January 1972; 82,187 pounds (nearly 1.1 million
individuals) at the Detroit Edison Company's
plant on Lake Erie near Monroe, Michigan between
April 1972 and march 1973, when the plant was
operating at less than maximum capacity; 36,631
pounds (584,687 fish) at the Consumers Power
Company's Palisades plant on Lake Michigan
between July 1972 and June 1973, when the plant
was operating at about 68 percent of its total
capacity (the plant is now closed cycle); an
estimated 1.2 million fish (no weight data given)
a Commonwealth Edison's Waukegan (lllinois
plant on Lake Michigan between June 1972 and
June 1973; 150,000 pounds of fish at the Ontario
Hydro Pickering plant on Lake Ontario in April-
June 1973; 659,000 fish (weight unavailable) at
the Nine Mile Point plant generating unit number
one on Lake Ontario during intermittent sampling
from January-December 1973, representing an
estimated total of about 5 million fish at unit
one for that period; and about 67,950 pounds
(929,000 fish) at Commonwealth Edison's Zion
plant near Zion, lllinois, on Lake Michigan



during September-NDecember 1973 and March-June 1974,
when the monthlv conling water flow averaged onlv
about 495 percent of the maximum capacity.

Approximately 14,00n fish of 44 species were impinged in 1974
at the Northern States Power Pralrie Island Plant on the Mississipp:
River,™ The Commonwealth Fdison Companv’s Quad Cities Plant,

also on the Hissizgippt River, impinged an estimated 1.8 milli~n
fish during 1974%.

The extent of fish losses of any given quantity needs to bde
considered or a plant-bv-plant basis, in that the language of sect: -
3J16(b) of P.l.. 92-500 requires cooling water intakes to '"minimize
adverse environmental impact." Regulatorv agencies should clear.~
recognize that some level of {ntake damage can be acceptable if t~a:
damage represents a minimization of environmental impact.



I1. INTRODUCTION

_ This guidance manual describes the studies needed to evauate the
impact of Cooling water intake structures on the aguatic environment
and allow for determination of the best technology available for
minimizing adverse environmental impact. The 1972 amendments to the
Federal Water Pollution Control Act (P.I,. 92-500) require in section
316(b) that:

Any standard established pursuant to section 301

or sect ion 306 of this Act and aﬁplicable to a

point source shall require that the location, design,
construction and capacity of cooling water intake
structures reflect the best technology available

for minimizing adverse environmental impact.

Sections 301 and 306 of the Act refer to the development of effluent
limitations and dates for achievement of various standards of performance
for existing and new sources of waste discharges. The steam-electric
generating point source category is the largest user of cooling water
In the United States and this guidance manual is directed primarily at
this category. Other categories of point source dischargers such as iron
and steel and petrochemicals for which intakes withdraw a major portion for
cooling water would also require such a determination. This document is
intended for use by the U.S." Environmental Protection Agency (EPA), State
water pollution control agencies, industry, and members of the public who
may wish to participate in such determinations.

The overall goal of conducting intake studies should be to obtain
sufficient information on environmental impact to aid in determining
whether the technology selected by the company is the best available to
minimize adverse environmental impact. In the case of existing plants,
this goal will be accomplished by providing reliable quantitative estimates
of the damage that is or may be occurring and projecting the long-range
effect of such damage to the extent reasonably possible. In the case of
proposed intakes, reliable estimates of any future damage are to be
obtained through the use of historical data, pre-operational models, and
the operating experience of other plants.

General guidance is provided for the development, conduct, and review
of surveys designed to determine and evaluate that portion of aquatic
biota potentially involved with and subject to adverse environmental
impact from cooling water intake structures. Guidance is also
supplied for the analytical methodology needed to determine the extent
and importance of aquatic environmental impacts. The environment-intake
interactions in question are highly site specific and the decision as
to best technology available for intake design, location, construction,
and capacity must be made on a case-by-case basis.



Information is not provided on available intake technology. Such
information is contained in the “Development Document for Best Technology
Available for the Location, Design, Construction and Capacity of Coolmgl7

water Intake Structures for Minimjzing Adverse Environmental Impact,”
wﬂtmh gltso contains addltlona\ re*ere ces on Intake impacts. Irﬁormatlon

is also not provided on non-aquatic impacts of cooling water intake
structures.

_ This document will be most useful in situations where siting and
intake design have not been finalized;, however, procedures to determine
and evaluate the environmental impact of existing cooling water intakes

are included.

Readers are cautioned not to depend too heavily on this manual.
More specific advice as regards procedures and individual site evaluations
will be available from the agency staff responsible for decision making
and the biologists who best understand the area in question.



I11.  INFORMATION FLOW CHART

The development of 316(b) programs is a new procedure for many regu-
latory agencies and user groups. To assist in an orderly processing of
data requirements for both existing and new cooling water intakes, flow
charts have been developed (Figures 1, 2, and 3).

The process for evaluating existing intakes (Figure 1) is intended
to be flexible so that the data requirements can be revised based on an
agency determination of the potential for adverse impact and the availa-
bility of data on the plant’s intake. It is expected that for some _
existing plants, sufficient data may already exist to make further studies
unnecessary for a decision regarding best technology available. The
process for new intakes (Figures 2 and 3) is more extensive because of
requirements for data acquisition and models prior to site review and
approval by the appropriate regulatory agency. Proper intake siting, in
many cases, IS the only way of minimizing adverse environmental impact.
To obtain the necessary Eresiting perspective, the utilization of valid
historical data and local knowledge is essential. A one- to three-year
biological survey is required to obtain, in a preliminary fashion, the
necessary data for assessment of environmental impact. A oneyear survey
IS generally of limited value. However, in circumstances where substan-
tial valid historical data can be presented and the intake can be
represented as having low potential impact, a one-year survey may be
acceptable. A decision as to the appropriate number of years of pre-
operational data that are necessary will be made by the agency upon the
submission of proposed study plans and their justification (see flow
charts, Figures 2 and 3).

~ The type and extent of biological data appropriate in each case
will be determined by the actual or anticipated severity or adverse
environmental impact. Since the expected impact will vary, it is not
expected that each case will require the same level of study.

A decision will be made at the outset by the agency as to whether
the intake has hia?h or low potential impact. Low potential impact
intakes are generaly those in which the volume of water withdrawn
comprises a small percentage of the source water body segment and
are located in biologically unproductive areas, or that have historical
data shoving no effect, or which have other considerations indicating
reduced impact. High potential impact intakes will generally require
extensive field surveys or models to elucidate potential total water
body effects. New intakes will provisionally be considered high
impact until data is presented in support of an alternate finding.
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Figure 1.  316(b) FLOW CHART
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ure 2. 316(b) FLOW CHART
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Figure 3. 316(b) FLOW CHART
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The inclusfon of several points I(n the flow chart for apency revicw
and approval will ensure that all parties are in agreement as to the
scope and specific details of work planned and will provide each party
with a set of specific goals and schedules for completion. These review
points should also ensure that studies address the important environ-
mental and plant operational concerns of all parties, thereby resultinu
in timely and orderly completion. A further benefit from such review
{s that studies conducted throughout a water body segment can be
coordinated so that methods utilized will result in a comparable data
base. This uniform data base will allow for easier evaluation of any
subsequent cumulative effect from all {ntakes operating on a water bodv,
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IV. DECISION CRITERIA

Adverse aguatic environmental impacts occur whenever there will be
entrainment or impingement damage as a result of the operation of a
specific cooling water intake structure. The critical question is the
magnitude of any adverse impact. The exact point at which adverse aquatic
impact occurs at any given plant site or water body segment is highly
speculative and can only be estimated on a case-by-case basis by considering
the species involved, magnitude of the losses, years of intake operation
remaining, ability to reduce losses, etc. The best ?wdance that can be
provided to agencies in this regard would be to involve professional
resource people in the decision-making process and to obtain the best
possible quantitative data base and assessment togls for evaluation of such
impacts. The Development document for 316(b) is an essential reference
for guidance in these evaluations.

Some general guidance concerning the extent of adverse impacts can
be obtained by assessing the relative biological value of the source
water bod%/ zone of influence for selected species and determining the
potential for damage by the intake structure. For a given species, the
value of an area is based on the following considerations:

1. principal spawning (breeding) ground;
migratory pathways,

nursery or feeding areas;

A w D

numbers of individuals present; and
5. other functions critical during the life history.

A once-through system for a power plant utilizes substantially more
water from the source water body than a closed recirculating system for
a similar plant and thus would tend to have a higher potential impact.
A biological value-potential impact decision matrix for best intake
technology available could be:



1)

2

3
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COOLING WATER FLOW
(Relative to Source Water Body Segment)

} |
] |
| {
BIOLOGICAL | | |
VAILUF | HIGH | LOW |
| | [
| I l

High | No | Quest ionable
| | !
i | i
Low | Questionable | Yes |
! | |

An open system large volume intake in an area of high biological
value does not represent best technology available to minimize
adverse environmental impact and will generally result in
disapproval.

Exceptions to this may be demonstrated on a case-by-case basis
where, despite high biological value and high cooling water
flow, involvement of the biota is low or survival of those
invplvaled is high, and subsequent reduction of populations is
minimal.

Generally, the combination of low value and low flow most

likely is a reflection of best technology available in location,
design, and operation of the intake structure. Exceptions to
this could involve significantly affected rare and endangered
species.

Other combinations of relative value-impact present the most
difficult problems. In such circumstances, the biological
survey and data analysis requires the greatest care and
insight in accomplishing the impact evaluation upon which the
judgment of best technologly available is based. A case-by-
case study is required and focal knowledge and informed
judgment are essential.

It is accepted that closed cycle cooling is not necessarily the best

technology available, despite the dramatic reduction in races of water
used. The appropriate technology is best determined after a careful
evaluation of the specific aspects at each site. A detailed discussion
of avallable
Document. 47

intake technology is contained in the 316(b) Development
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Biological survev requirements suggested in this manual should
provide a sufficient data base to provide insight as to the best
locatfon, design, construction, and capacity characteristics approe=-
priate for achieving minimal total impact.

. 47
A stepwise thought process i{s recommended for cases where
adverse environmental lmpact from entrapment/implngement is vccurring
and must be minimized by applicatlon of best technology available:

The flrst step should be te consider whether the acverse
fmpact will be minimized by the modification of tne ex.sting
screenlng systems,

The second step should be to consider whether the adverse
Impact will be minlmized by increasing the size of the intake to
decrease high approach velocltles,

The third step should be to conslder whether to abandon the
exlsting intake and to replace it with a new [ntake at a different
locatfon and to incorporate an approprlate design in order to
minim{ze adverse evavironmental impact.

Finally, 1f the above technologles would not minimize adverse
environmental lmpact, consideration should be given to :he
reductlon of lntake capaclty which may necessitate instal-
lation of a closed cycle cooling system with appropriate Jdesizn
modiflcatlons as necessary,

Where environmental impact from entrainment must be minimized,
rellance must be placed primarily on flow reduction and intake
relocation as remedial measures:

Reducing coollng water flow is generally an effectlive means

for minimlzing potentlal entralnment Impact. In fact, this may be
the only feasible means to reduce {mpact of entrainment where po-
tentlally [nvolved organisms are {n relatively large concentration
and unlformly distributed [n the water columa., Entrapment and
(mplngement may also be lessened with lower flow as proportinnallvy
fewer animals will be subject to contact with the intake structure;
water velocities assoclated with the structure can be reduced,
enhancling probablllity of survival if lmplnged or of escape if
trapped. Reduction of flow is accomplished primarily by an
Increase {n condenser temperature rise or through recirculating
cooling systems. When cooling water flow is reduced, however,
elevated temperature or the effects of an auxiliary cooling svstem
can increase the mortallty rate of the organisms that are entrained.



~14-

Site location measures may prove effective in areas of
discontinuous, temporal or spatial occurrence (patchiness)
of those species subject to entrainment (or entrapment/
impingement) .

Fnhancing survival of organisms once entrained in the cooling
water system generally appears to be the least effective means for
avoiding adverse impact; however, operational regimes have been
developed to decrease mortality of entrained species where heat,
chlorine or both exert the predominant impact. Realistic laboratory
studies can lead to optimal time-temperature regimes for survival,
The effects of biocides can be reduced by intermittent and "“split-
stream’” chlorination procedures. Mechanical methods for cleaning
cooling system components where feasible can eliminate or reduce
the need for biocides., The mechanical stress of entrainment (s, in
many cases, the critical factor in organism survival with the pump
the site of major damage. At present, little can be done to
minimize mechanical impact although potentially harmful effects
may possibly be reduced by pump redesign which incorporates low
RPM, low pressure and wide clearance characteristics. Reducing
velocity changes, pressure, and turbulence in the piping system
should prove helpful. FEntrainment screening techniques such as
leaky dams may have application in some circumstances. Regardless
of beneficial measures taken, many fragile forms will not survive
entrainment.

In summary, the location nf a power plant, or other cooling water
use, coupled with the associated intake structure design, construction,
and capacity results in a unique situation., While generalities may be
useful, the optimal combination of measures effectively minimizing
adverse impact on the biota is site and plant specific. The best
technology available should be established on a case-by-case basis
making full use of the kinds of {nformation suggested for acquisition
in this manual.
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V. DEFINITIONS AND CONCEPTS

Adverse Environmental Impact

Adverse aguatic environmental impacts occur whenever there will he
entrainment or impingement damage as a result of the operation of a
specific cooling water intake structure. The critical question is the
magnitude of any adverse impact.

The magnitude of an adverse impact should be estimated both in terms
of short term and long term impact with reference to the following factors:

(1) Absolute damage (# of fish impinged or percentage of
larvae entrained on a monthly or yearly basis);

(2) Percentage damage (% of fish or larvae in existing
populations which will be impinged or entrained,
respectively);

(3) Absolute and percentage damage to any endangered species,

(4) Absolute and percentage damage to any critical aquatic
organism;

(5) Absolute and percentage damage to commercialy valuable
and/or sport fisheries yield; or

(6) Whether the impact would endanger (jeopardize) the
protectton and propagation of a balanced population of
shellfish and fish in and on the body of water from which
the cooling water is withdrawn (long term impact).

Agency

~This term refers to the Regional Administrator of the U.S.
Environmental Protection Agenc% or the Directors of those State
agencies authorized to issue NPDES permits.

Community

A community in general is any aseemblage of populations living in a
prescribed area or physical habitat, it is an organized unit to the extent
that it has characteristics in addition to its individual and population

components and functions as a unit through interacting metabolic trans-
formations.

Critical Aquatic Organisms

Adverse environmental impact may be felt by many species in al trophic
levels. A species need not be directly affected but nevertheless harmed
due to loss of food organisms or other associated organisms in some way
necessary for the well-being and continued survival of the population.

It is not practicable to study all species that may be directly or
indirectly harmed by Intake structure operations.
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The critical aguatic organisms concept is defined in the 316(b)
Development Document. Generally, 5 to 15 critical aquatic organisms
will be selected for consideration on a case-by-case basis. Relative
to environmental impact associated with intake structures, effects
on meroplankton organisms, macroinvertebrates, and juvenile and adult
fishes appear to be the first order problem. Accordingly. the selections
of species should include a relatively large proportion of organisms in
these categories that are directly impacted. Generally, because of
short life span and dpopulation regeneration capacity, the adverse impact
on phytoplankton and zooplankton species is less severe. It is suggested
that, in addition to study of the selected species, the total phytoplankton
and zooplankton communities be assessed to determine if the area under
study is unique and important qualitatively or quantitatively. If
preliminary sampling or prior data does not support special or unique
value of these organisms at the site, phytoplankton and zooplankton
species will generally not be selected.

The following guidelines are presented for selection of critical
aquatic organisms for consideration in intake studies:

A. Critical aguatic organisms to be selected are those species
which would be involved with the intake structure and are:

1. representative, in terms of their biological
requirements, of a balanced, indigenous community
of fish, shellfish, and wildlife;

2. commercially or recreationally valuable (e.g.,
arardmn the top ten species landed -- by dollar
value);

3. threatened or endangered;

4. critical to the structure and function of the
ecological system (e.g., habitat formers);

5. potentially capable of becoming localized
nuisance Species;

6. necessary, in the food chain, for the well-being
of species determined in 1-4;

7. one of 1-6 and have high potential susceptibility
to entrapment-impingement and/or entrainment; and

8. critical aguatic organisms based on 1-7, are
suggested by the applicant, and are approved by
the appropriate regulatory agencies.
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8. Assumptions in the selection of critical aquatic organisms:

1. Since all species which are critical, representa-
tive, etc., cannot be stud led in detall, some
smaller number (e.g., 5 to 15) may have to be
selected.

2. The species of concern are those most likely to
be affected by intake structure, design, con-
struction, and operation.

3. Some species will be economically important in
]Ehelhr own right, e.g., commercial and sports
ishes.

4. Some of the species selected will be particularly
vulnerable or sensitive to intake structure impacts
or have sensitivities of most other species and,
iIf protected, will reasonably assure protection
of other species at the site.

5. Often, but not always, the most useful list would
include mostly sensitive fish, shellfish, or other
species of direct use to man, or to the structure or
functioning of the ecosystem.

6. Officially listed “threatened or endangered
species’ are automatically considered “critical.”

7. The species chosen may or may not be the same as
those appropriate for a 316(a) determination
dependent on the relative effects of the thermal
discharge or the intake in question.

Cooling Water Intake Structure

The coaling water intake structure is the total structure used to
direct water into the components of the cooling systems wherein the
cooling function is designated to take place, provided that the intended
use of the major portion of the water so directed is to absorb waste
heat rejected from the process or processes employed or from auxiliary
operations the premises, including air conditioning.
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Fntrainment

The incorporation of organisms i{nto the coollnpy water flow is
entrainment. There are two generally recognized tvpes of entratnment:
pumped entrainment -- referring to those organf{sms that enter the i1ntake
and are pumped through the condenser, and plume entrafinment -- referring
to organisms that are lncorporated into the dischacge plume hy the
dilution water. Plume entrainment is not covered by section J1A(b) hut
{s part of the thermal discharge effect to be considered {n conjunct:ioc
with thermal! effects demonstrations under section 314(a).

Entrapment-impingement

The physical blocking of larger organisms by a barrier, generally
some type of screen system {n the cooling water intake. Fntrapment
emphas{zes the prevention of escape of organisms and i{mpingement
enmphas{zes the collision of an organism with a portion nf the
structure.

Fstuary

An estuary {s defined as a semi-enclosed cnastal body of water which
has a free connection with the open sea; {t Is thus strongly affected by
tidal action and within {t sea water s mixed (and usually measurably
diluted) with fresh water from land drainage. 1t may be difffculc to
precisely delineate the boundary of estuarine and river habitats in the
upper reaches of a fresh water river discharging into marine waters.

The interface is generally a dynamic entfty varying dally and seasonally
in geographical location. 1In such cases, determination of habitar
boundaries should be cstablished by mutual agreement on a case=bv=-casve
basi{s. Where boundary determination is not clearly established, both
estuary and river habitat biological survey requirements should be
satisfied in a combined determination for environmental effects and hest
available technology for mintmizing adverse I(mpact.

Habitat Formers

Habitat formers are plants and/or animals characterized by a
relatively sessile life state with aggregated distribution and functicoming
as:

1. a live and/or formerly living substrate for the attach-
ment of epibiota;

2. either a direct or indirect food source for the production
of shellfish, fish, and wildlife;
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3. a biological mechanism feor the stabilization and modifi-
cation of sediments and contributing to processes of
sail buildings;

4. a rutrient cvcling path or trap; or

9. specific sites for spawning, and providing nurserv,

feeding, and cover areas for fish and shellfish.

High Potential Impact Intakes

High potential impact intakes are those located in biologicali~
productive areas or where the volume of water withdrawn comprises a
large proportion of the source water body segment or for which histor-
ical data or nther considerations indicate a broad {impact.

Impingement

See Entrapment-~-Impingement,

Lake
Any naturally occurring large volume of standing water occupving 1

distinct basin and, for purposes of this document, reservoirs aind
impoundments.,

Low Potential Impact Intakes

l.ow potential impact intakes are those located in biologically
unproductive areas and having low flow or having historical data showing
no effect or for which other considerations indicate low impact. Plants
with low capacity factors or with few remaining vears of lifetime might
be considered "low impact" despite their historical impact.

Macroinvertebrates

For the purposes of this document, the term macroinvertebrates
may be considered synonymous with "aquatic macroinvertebrates' and
are those invertebrates that are large enough to be seen by the
unaided eve and can be retained by a U.S. Standard No. 30 sieve
(0.595 mm. mesh opening).
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Meroplankton

For the purpnses of this document, meroplankton are definecd as
planktonic life stages (often eggs or larvae) of fish or Invertebrates.

Oceans

The ocean habitat, for the purposes of this manual, is considered
marine waters other than those water bodies classified as estuaries. This
includes open coastal areas, embayments, fjords, and other semi-enclosed
bodies of water open to the sea and not measurably diluted with fresh
water from land drainage.

Two principal zones within the oceanic habitat potentially impacted
are: (1) littoral zone -~ from high tide level to low tide level, and
(2) mertitic zone (near shore) -- low tide level to the edge of the
continental shelf.

Phytoplankton

Phytoplanktnn are the free-floating plants, usually microscopic
algae, that photosynthetically fix inorganic carbon and are, therefore,
primary producers in some aquatic environments.

Plankton

Plankton are essentially microscopic organisms, plant or animal,
suspended in water which exhibit near neutral buoyancy. Because of
thetir physical characteristics or size, most plankton organisms are
incapable of sustained mobility in directions aguinst witer flow. Con-
sequently, plankton drift more or less passively in prevalling currents.

Population

A population is generally considered to be comprised of individuals
of the same species in a gengraphic area. Populations exhibit parameters
such as mortality, natality, fecundity, intrinsic rate of {ncrease,
density, etc.

Primary Study Area

This includes the segment of the water body Jeternined to be the area
of poctential damage. This concept is most pertincnt to organisms subject
to inner-plant passage, normally weakly motile or planktonic, and spatially



subject tO water bodv currents ratner than possessing the ability -
.nange loiLaticn :ndependent of water mass movements. Animals capable -
large scale movements, i.e., nigrant fishes, will move into tnis ared
periodically.

Rivers and Streams

A river or stream is a nraturally occurring body of running {(suri:
water, with an unbroken, unidirectlonal flow, vontained witnin a iiscr
channel, Reservoirs and/or [mpoundments, for the purposes cof tnis > 7o
will generallv be viewed as lakes,

Secondary Studv Area

The area within the water body segment outside the primary study
area, Blota in this area directly affected by the intake structure ma-
or may not be a signiflicant component of the total population of indige=>.s
species, For many specles, particularly pelagic fishes, tne tota. popula-
tion may be spread over a wide geographical area. This area could be
consldered the secondary study area, However, other intake structures
assoclated wlith cooling water uses, e.g., power plants, may also be
impacting the population in these other areas, This may be considered
in two ways:

l. «consider the total population throughout the geographica:
range, estlmate existing Impacts, and determine to what
extent the speclflic intake structure adversely impacts
that portion of the population not already adverseiy
stressed by sources outside the primary study area; or

2. consider only the populatlon in the area of potential
involvement and adjacent areas of occurrence not
already {mpacted by an exlisting source of stress,

For example, when a number of [ntake structures are located witi
a water body such as the Hudson River, Chio River, Long Island Sournd,
Western Basln of Lake FErle, Narragansett Bay, San Francisco Bay, ete.,
elther of the two approaches may be taken to assess the impact of tne
structure under consideration. The total Impact of all existing stresses
may be weighed against the total populatlon of biota studies and the
adverse effects of the new stress added to exlsting stresses and assessed
agalnst impact to the total system. The alternative is to assign a se.tin
of the water body not already Impacted by other [ntake structures and
compare the segment of the community in the assigned area to the effect
of the single structure concerned.
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Threatened or Fndangered Species

A threatened or endangered species ls any plant or animal that has
been determined by the Secretary of Commerce or the Secretary of the
Interior to be a threatened or endangered species pursuant to the
Fndangered Species Act of 19731, as amended.

Water Body Segment

A water body segment {8 a portion of a basin, the surface waters of
which have common hydraulic characteristics (or flow regulation patterns)
common natural physical, chemical, and binlogical processes, and which
have common reactions to external stress, e.g., discharge of pollutants,
Where they have been defined, the water body scgments determined by tie
State Continuing Planning Process under section 303(e) of P.L. 92-500

apply.

Zone of Potential Involvement

The zone of potential involvement 138 considered the water mass

surrounding the {ntake structure and likely to be drawn into the structure
{teelf or into the associated rnn]ina water svsetem, Thie variesa with time

-------------------------------- =71 e LA 1 12 =1L

and {s dependent on ambient water movements in the affected body of source
water aa mondified hv the influx of cooling water at the intake srructure

aila alan ASASAN R R ALY 01 LW antnaEnty SLslhlaui¥T.

It will be diff1CUlt to precisely define the limits of this zone of

(nf‘n-nre hncanﬁn of temporal and spatial variables The 2ane of nporenti
A VIA AU I L= A 2~ A= - '-y\ll“‘ (= RR L] vy“‘lu‘ VEBA AQV AT LA LA AT~ A Y "vb‘lILA
involvement always includes the primary study area and may include the
enrandarv vriwduy araa

SEConiarly Siudy ar<ea.

Zooplankton

True zooplankton are ftee-flnattng animals which have little or no

P i = PO B N RPN o~

ility for horizontal movement. any are thus carried puaaxvcxy along
with natural currents in the water body.

b
av
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VI. STUDY FORMAT

The studies submitted as support for a finding that the cooling water
intake represents best technology available for a minimization of adverse
environmental impact should be in the following format to facilitate
agency review. t least two copies should be submitted.

1. Title) page (plant name, water body, company, permit information.
rate).

2. Table of contents.

3. An executive summary of 2-3 paragraphs (essence of material and
conclusions).

4. Detailed presentation of methods used in data collection,
analysis and/or interpretation when different from standard
references.

5. Supportive reports, documents, and raw data. Data from the
open literature need not be included so long as it is
readily available.

6. Bilbiographic citations to page number of cited text,

7. An interpretive, comprehensive narrative summary of the
studies which will serve, in part, as the basis for the
a?ency’s decision. The summary should include a table
of contents and may include table figures. Sources of data
used in the summary should be cited to page number. The
summary should include a clear discussion stating WQ% the
report shows (or does not show) that the water intake structure
in question minimizes impact on the water resources and
aquatic biota in the vicinity of the intake and throughout
the water body segment.

8. An appendix listing the agencies and consultants conducting
this or related work on the water body.

9. Reports generated in response to section 316(b) should be
recorded and forwarded to the National Technical Information
Service (NTIS) for recording and announcement. The folder,
NTIS-PR-184, available from NTIS, U.S. Department of Commerce,
Springfield, Virginia 22161, explains the procedure in detail.
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It is the intention of the EPA to make the technical information
submitted by industries in accordance with 315(b) available for use
by other industries, scientists, and members of the public. This will
be done initially by placing copies in the responsible EPA Regional
Off Ice library. A similar approach is also suggested for State agencies.
In cases where demand for the demonstration materials exceeds the capa-
bility of an EPA or State agency library, the EPA Regional Administrator
may aso submit the materials to the NTIS so that the reports are
available co the public in microfiche or hard copy form at the price of
duplication. In the meantime, EPA is developing lists of plants with
completed 316(b) demonstrations and will submit the plant name and an
abstract of each study to NTIS.

It is also noted chat the Atomic Industrial Forum has developed
INFORUM, a data system which will extract and index information from
reports submitted by utilities in accordance with sections 316(a) and
/&b). Questions should be referred to INFORUM at 1747 Pennsylvania

venue, Washington, D.C. 20006, telephone 202-833-9234.
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VII. DETAILED STUDY REFERENCES

This document, of necessity, is generalized to provide an overal
framework of guidance and conceptua approach. Six references are
recommended which treat various aspects of the study requirements in more
specific detail:

1. U.S. Environmental Protection Agency, Office of Water
& Hazardous Materials. Water Planning Division,
September 30, 1974, Draft, 316(a) Technical Guidance
on E)g%rr)nal Discharges. (Revised draft to be published
in :

2. U.S. Environmental Protection Agency, Office of Water
6 Hazardous Materias, Effluent Guidelines Division,
April 1976, Development Document for Best Technology
available for the Location, Design, Construction and
Cgpauty of Cooling Water Intake Structures for Minimizing
Adverse Environmental Impact.

3. Battelle Laboratories, Inc., Environmental Impact Monitoring
of Nuclear Power Plants - Source Book. Atomic Industrial
Forum, Inc. August 1974. 810 p.

4. Aquatic Ecological Surveys. American Nuclear Society,
F.W. Hinsdale, lllinois, Draft, October 1974.

5. Entrainment: Guide to steam electric power plant cooling
system siting, design and operation for controlling damage
to aquatic organisms. Amer. Nuc. Std. Publ. N18. - 1974.
Draft, July 1, 1974, 44 p. and appendices.

6. Entrapment/Impingement: Guide to steam electric power
plant cooling system siting, design and operation for
controlling damage to aquatic organisms at water intake
structures. Amer. Nuc. Std. Publ. N18 - 1974. Draft,
September, 1974, 24 p. and appendix.
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VIIIl.  SITE DESCRIPTION

The following information is generally needed to fully describe the
potential experiences of organisms which may be entrapped within intake
structures, impinged on parts of the structure and/or entrained in the
water mass taken In and circulated through the associated cooling water

stem. It is necessary to describe the full range of resultant physical,

chemical, and biological parameters of these experiences which could be
encountered throughout the annual operation cycle. Information on daily
and seasonal fluctuations is of special importance in those waters
subject to wide variation in water quality at the specific site. Other
data pertinent to the evaluation of environmental impact of the location
or intake structure in question should be included even though not
specifically listed.

The foIIowin? data are required for adequate description of sites
located on either fresh or marine water bodies:

1. Site location and layout

A. Location of additional Intake structures - Smaller scale,
map showing locations of intake structures, associated
cooling water systems, and other pertinent discharges
related to surrounding shore and water features in a
50-mile radius.

8. Site Plan - Larger scae map with topographic and
hydrographic data depicting specific location of
structure in the water body. Data required includes:

Topographic details

Hydrological features (see U.S. Department of
Commerce, National Ocean Survey Charts, where
available), including depth contours

Water body boundaries

Affected water body segment

Location and description of other cooling water
intakes in water body segment

Existing site with topographic and hydrological
features as changed by proposed intake structure
construction and operation (where applicable)
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2. Meteorology (when hydrodynamic modeling is performed)

Air temperature, maximum, minimum, mean-monthly
Rainfall, monthly

Solar radiation kcal/m?/day (average/month for
the annua cycle)

Wind speed and direction. prevailing winds identi-
fied as to seasonal patterns

Other relevant site specific data
3. Additional stresses on water body segment

- Location of existing or planned point sources of
potential adverse environmental 1mpact

- Summary of impacts associated with existing or
future stresses (and citations to more extensive
analyses, such as 316(a) demonstrations, impact
statements, NPDES permits, etc.)

4. Cooling water intake structure
A. Structure

- Location with respect to cooling water system

Location in water body, horizontal and vertical
(including skimmer walls)

Configuration, including canals and channels;
detailed drawings

Capacity

Screening devices (behavioral and physical)

Fish by-pass and handling facilities

Average and maximum approach and thru-screen
water velocities, by depth

Flow rates and frequency of occurrence correlated
with load characteristics

Location, amount, and duration of recirculation
water for deicing or tempering

Other relevant system-specific data



B. Pumps

- Design detatls (location in structure, configuration
of blades, and housing)

- Revolutions per minute

- Number, capacities, and planned operating schedule

- Pressure regimes in water subjected to pumping

- Velocity shear stresses in pumping

- Sites of potential turbulence and physical impaccs
C. Biocides

- Locatton of introduction in system

- DNescription and toxicity of biocide used

- Timing and duration of use

- Concentrations of biocide i{n various parts of
cooling water system and receilving waters

D. Thermal experience
- Tabulattion of annual ambient temperatures,

thermal addition to cooling water of various
operating capacities, and resultant time-

temperature experience of organisms subjected
to entrainment in cooling water system

enser tubes, h
~ Maintenance procedures, usc of heat treatment
or deicing procedures
lant Data
-~ Age and expected lifetime
- Capacity factor and percent of time at fractional loads

~ History of {ntake model



-29-

IX. SOURCE WATER INVOLVEMENT

The physical interaction of the intake and the adjacent water body
forms a base for assessment of biological impact by relating the behavior
and motion of local organisms with the flow of water around the site and
into the intake structure. To determine this involvement with the intake,
it is desirable to identif)é the type or types of circulation which will
be dominant in the water body, and to establish a program of monitoring
currents and other relevant hydrological and physical parameters of the
system. Predictive tools, such as computer models, are useful in
assessment  of imloact, and for delineation of the area of potential damage.
The approach outlined here is suggested for new plants having high poten-
tial impact when sufficient model accuracy is obtainable. The approach
may be useful for other plants as well, as discussed in the impact assess-
ment section below. The modeling program should be discussed with the
agency in advance of application and should include sensitivity analyses.

1. Hydraulic Features

The dominant modes of circulation in the water body are
frequently identified in the literature and include channel
flow, tidal and wind-driven currents, estuary or gravitational
circulation, littoral drift, and others. The local currents
(or velocity structure) can be modified by bathymetry and
transient atmospheric conditions, and contain local features
such as eddies; their importance can he modified by their
effect on biological processes. It is also useful to identify
interface zones if several current regimes or physical pro-
cesses are evident. Large water withdrawals and discharges
can be sufficient to modify existing hydraulic patterns enough
to create new biological habitats.

A program of monitoring the currents and other relevant
physical parameters is desirable for the study of source
water involvement, Whenever possible, historical data should
be used to identify the expected circulations and guide in
the selection of instrument stations, although as data comes
in, a re-evaluation of the monitoring program is useful.

the relevant parameters are water current, speed and direction,
wind speed and direction, tides or local water levels, tem-
perature, and water density, Salinity data are important in
an estuarine environment.

The spatial distribution of instrument stations is usually
indicated by the circulation regime and local bathymetry,
but is best organized to provide input to and verification
data suitable for a predictive hydraulic model of the
currents. Vertical spacing of instruments should be
sufficient to identify any important depth variation in
the circulation.
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The use of a hydraulic model requires several other specific
inputs to provide realistic prediction of currents in the
area. typical parameters include:

boundary geometry;

bottom topography;

bottom friction coefficients;

latitude of the area;

tides or water levels at open boundaries;

river flows;

temperature and salinity;

wind stress;

© © N o g A& w N B

power plant cooling water flow races, and
10. other point source flow rates.

A dgignificant period of time (two weeks) night be chosen for
a continuous (burst sampling) monitoring sequence to sense
periodic variations in the circulation, and another program
to sample changes on an annua (or longer) cycle. Careful
recording of placement and start times is recommended.

The instruments chosen should be durable and resistant to
fouling. The accuracy may be influenced by the scale of the
parameters but for water level should generally be at least
+ 0.01 ft. and, for current speed and direction, + .15 knots
and = 5.0° respectively. For temperature and salinit

+ 01°C and * 0.1°% respectively can be expected.
Special instrumentation for water current sensing may be
necessary at threshold speeds.

An instrument calibration program is necessary to insure
accuracy. Redundant marking of station locations and
pré)dwson for recovery of unmarked instruments should be
made.

Computer models as predictive tools represent the best
available predictive tools and are useful in assessing
water use and biological impact. Mathematical models
solve the equations of water flow and are used to

predict currents in the water body. Another model (of
water quality) can he developed in tandem to solve the
equation of mass flow and used co predict mass or concen-
trations of organisms under influence of the currents.
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The selection of the appropriate model is guided by the circulation
regime and the gecnmorphology of the water body. A number of
mathematical models of tidal flow are available, and these can be
extended to {nclude channel flow. For example, the Leendertse 8,
9 type square-grid models for tidal cuggxents and larvae transport
have been used. Finite-element models are being developed for
tidal ctirculation, and may have advantages in certaip, areas.

For river-bay situations, the channel-junction model mav have
special advantages. Three-dimensional models such as those
described in references 12,13, and 14 may be appropriate. A
conprehensive summary of,gvailable models has been compiled

by Gordon and Spaulding. The rationale for selection of the
particular set of models should be justified by either emphasiz:ine
their suitability or by demonstrating a lack of other sufficient
models.

Verification of model output should be made for both current
and organism concentrations. Data from the monitoring survey
are useful for verifving the current model while the biological
sampling program may be used to verify the motion of organisms.
Dye studies may also be useful in model verification.

Means for delineating study area and source water involvement may
vary from intuitive judgments to highly sophisticated predictive
models. The most logical measures, consistent with the local
conditions should be determined.

Probability of Entrainment

The zone of potential involvement of the cooling water intake
varies with species of organisms and time but the core concept

is the determination of probability of entrainment. The
predictive mwodels are useful for mapping probability isopleths.
This could be done by the simulation of drifters with the hvdraulic
zodel, or the spread of mass from point sources into the intakes
with the concentration model. Drogue or dye studies could be
used for verification. Drifters, drogues, or dye may, however,
be poor analogs for the organisms in question. As a consequence,
any study of this nature must be accompanied by justification
that adequate adjustment 1s being made for differences in
behavior between the organisms and their mechanical analogs.
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A map of probability of entrainment would be useful in delineatinyp
the outline of the area of potential involvement by a ratianal,
analytical method. For example, the computer hvdraulic model for
currents could be used to simulate the flow of drogues in the
region., A simulated release of drogues (several per hour) would
be carried out until all drogues have either been entrained or
have crossed the nodel boundaries and left the area. The ration
of entrained drogues to the total gives the probability of
entrainment, A repetition of this procedure for other releasec
points gives a field distribution of probability.

An alternate method is to simulate mass tramsport from a field ¢
points, wherein the ratio of mass entrained to the total releascd
gives the probability. This method could be verified by the usc
of dye studles.

In environments likely to exhibit density sctratification, or in
which the organisms stratify, {t may be necessary to use multi-
level sampling for all parameters, and consider stratification 1n
the models chosen., Wind effects are more likely to be important
in shallow water. The spatial changes in parameters in stratified
systems are likely to be larger, so this must also be incorporated
fn a sampling program.

Obviously, models are highly desirable and the probability isopleth
concept is a powerful analytlcal tool. However, the time and costs
involved will not be justifiable {n many situations.
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X. BIOLOGICAL SURVEY REQUIREMENTS (NEW INTAKEY)

- The purpose of the biological survey is to provide a sufficient and
valid data base for rational assessment of environmental impact related
to the location, design, construction, and capacity of a cooling water
intake structure, prior to a final siting decision.

Due to the possibility of extreme fluctuations in overall abundance
of the species from year to year and shifts within a study area of its
centers of abundance, several years study may be required. A term of
three years is suggested as permitting an "exceptional" year to be
detected and criticized on the grounds that events in so short a span
cannot be understood in the context of long term trends. A period of
15 to 25 years is one in which many cyclic biological phenomena become
evident, but a preliminary study of this length will be out of the
guestion except as it can be gleaned from historical data. A one-year
pre-operational study is generally of limited value but may be acceptable
for preliminary agency determinations in situations where substantial
historical data can be presented and the intake can be represented as
having low potential impact.

Data collected must be sufficient to permit analysis and reduction
to assessment criteria which will be useful in reaching a judgment on the
existence and extent of an adverse impact. Suggested measures for data
reduction and analysis, which are included in this manual, should
be reviewed prior to development a survey program.

Designation of species of the critical aguatic organisms to be
studied is the first step in a sequence of operations for the
subsequent biological survey. The species selected may or may not be
the same as the Representative Important Species designated in connec-
tion with demonstrations under section 316(a) of the Act. Differences
would depend on the grater or lesser effect on such species of
thermal discharges or intakes. Once species and source water involve-
ment are known, the samplinﬂ methodology, survey study areas, and
temporal characteristics of the survey can be determined to suit the
organism selected, location, and characteristics of the intake
structure. Each survey should be designed on a case-by-case basis
recognizing the uniqueness of biota-site-structure interrelationships.

Biological survgys should be designed and implemented to deter-
mine the spatial and temporal variability of each of the important
components of the biota that may be damaged by the intake. These
surveys could include studies of meroplankton, benthic fish, Bela ic
fish, benthic macroinvertabrates, phytoplankton, zooplankton, benthic
infauna and boring and fouling communities where appropriate.
Generally, the majority of critical aquatic organisms will be fish
or macroinvertabrates.
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Once the occurrence and relative abundance of crictical aquatic oruoinisms
at varlous life stages has been estimated, it is necessary tuo determine Ine
potential for actual i{nvolvement with the tntake structure. An organlss -av
spend only a portion of {ts life in the pelagic phase and bhe susceptihle to
entrainment, Migratory speciles may be In the vicinity of the intake for a
short segment of the annual cycle. Some species are subjected 20 int.axe
structure effects during life history stages. For example, winter flounuver
larvae are found {n the ichthynplankton during their pelagic larval pluasc,
and are susceptible to being entrained. During later life stayges, is
juveniles and adults, they dre vulnerable to impingement. Both entrutarcnt
and impingement must be considered in subsequent impact assessment. Know=-
ledge of the organism’s life cycle and determination of local water circul -
tion patterns related to the structure are essential to estimating an
individual specie’s potential for (nvolvement.

Once finvolvement is determined, actual effects on those organisms -ust
be estimated. As a first order approximation, 100 percent loss of individuals
impinged, entrapped, or entrained could be assumed unless valid field or
laboratory data are available to support a lower loss estimate,.

The final step {s to relate loss of individuals to cffects on the
local population as impacted by intake structure location, design,
construction, and capacity. It is important to consider cthe mneans for
data reduction and analysis in the early stapes of survey design. Nata
must be amenable to binstatistical analyses, as utilized in arriving at
the judgment for best available technology to minimize adverse enviconmental
impact.

l. Sampling Design

It {s necessary at the outset to clearly define the objectives

of the sampling program and the area to be sampled. AHuantitative
sampling studies are designed to estimate numbers per unit anda/or
volume. The major considerations in these studies are:

- The dimension of the sampling unit. In general
the smallest practical sampling unit should e
used.

- The number of sampling units in each sample.
The size of samples for a specified degrec of pre-
cision can often be calculated if there (s sone
preliminary sampling information., If not, preli-
minary sampling should be executed before exten-
sive programs are developed.

- The locatton of sampling units in the sampling
areas., Stratifled random sampling is often
preferable to simple random sampling. Strata
can be unequal {n area or volume, with sampling
units allocated in proportion to the area or
volume,
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The survey effort should be intensive for at least the first
year after which, based on f{rst yvcar results and historical
data, lower effort progams could be justified. Survey data
are usually of a time-series nature and, therefore, averapes
over time intervals within the seriles cannot be assumed inde-
pendent. This situation limits th applicatton of rTgtine

statlstical procedures, Bartlett and Quenaville.
Reference 19 {s a recent example of the difficulties encoun~

tered when attempting to determine differences in portions of
a time-series. The development of more powerful stat{stical
methods for application to this tvpe of data {s necessary.

It appears that only catastrophic impacts will be revealed to
temporal comparisons of monitoring program data. Plant
impact may be better revealed by spatial comparisons.

The discriminating power of surveyvs should be estimated prior
to implementation,

This can be done by design based on previously collected data
at the site, or by assuming the variability of the svstem bhasecd
on previous studies at similar sites. The expected discrimina-
ting power of the survey should be adequate for the purposes
for which the data are {ntended.

Sampling Methodology

Recommendations on specific sampling protocol and methiodology

are beyond the scope of this document. The optimal methodologyv
is highly dependent on the individual species studied coupled
with s{te and structure characteristics. Some general guidelines
are provided here. More specific detal{ls are provided in
reference 20.

Ichthyoplankton-Meroplankton Sampling

Sampling gear used should have known performance characteristics
under the conditions in which it is to be used, or it will be tested
in comparison with a standard gear (such as the 60 cm. "bongo" net
developed for purposes of ichthyoplankton sampling by the

National Marine Fisheries Service MARMAP program).

When a new gear is introduced, data should be included on {ts
efficiency relative to a standard gear. Gear should not be
changed in the course of long~term {nvestigations unless the
comparative efficiencies of the old gear and the new can be
satisfactorily demonstrated.

It {s recognized that no sampling gear is, in practice,
strictly quantitative and equally efficient in retaining
different sizes of organisms.

A rationale for the choice of gear, mesih size, etc,, should be
develnped for each sampling program, In most cases, lacking
strong reasons to the cantrary, adoption of a staadard gear to
permit comparisons with other investigations {s recommended.
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In general, replicate tows I(ndicate that horizontal distribution
of fish eggs and larvae and other planktonic organisms is uneven
or patchy in character, and that vertical distribution not only
of actively swimming forms but of eggs commonly shows sonme
sctratificatton, This typlcally varies over 24 hours due to

the {nfluence of water movement and changes in light {ntensity.
Nepth distribution of individual speciles of fish eggs may charye
during the course of development, and buovancy may differ at
different perinds of the spawning season.

Night tows frequently produce larger catches and may show less
variability than day tows for fish larvae {n the same area.

Both phenomena are related in part to differences in net
avoidance under conditions of light and darkness. *HHowever,
certain larvae may be altogether unavailable to the usual
plankton sampling gear at some time of a diel cycle; for exampie,
they may lie on or near the bottom by day, and migrate upwards

at night.

Night sampling must be considered in survey design as essential
for an accurate picture of the numbers of ichthyoplankton
actually present at a station, especially with regard to post-
larvae and young juveniles. Sampling over the entire diel
cycle should be conducted.

Characterization of the ichthyoplankton In a study area made
exclusively from single tows at a series of stations (s
inadequate. Replication sufficient to show the typical vari-
ation between tows will be necessary, and it must be borne in
mind that this may differ widely for different specles, and
may change over the course of a season. In reasonably
homogeneous study areas, replicates can be taken at a subset
of stations and the results applied tn the rest, In certalin
circumstances, close to shore, or in the vicinity of the
proposed intake, more rigorous error analysis is advisable,
and this may require replication at each station. DNetermina-
tion of & suitable number of replicates will depend on
characteristics at each site, and must be based on field
studies. The most variable (patchy) of the critical species
of ichthyoplankton under study at a given season will
determine the number of replicates that are desirable.

Confidence limits for estimates of abundance must be based
not only upon variation between tows at a given station,
but must incorporate other sources of error, which include
subsampling error (when aliquots of large samples are taken
for lab analysis) and counting errors.
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The lchthyoplankton-meroplankton sampling will generaliv Se
related to the impact of passing the organisms through the

intake structure and associated cooling water system, (.e.,
entralinment.

Fishes and Macrolnvertebrates

Sampling of fish and macroinvertebrates will be generallv
conducted In relation to the potential Impact of entrapment
and {mplingement. An exception would be juvenile and small
fish of a sf{ze that would pass through Intake screening
rather than be caught upon such screens.

As prevlou;dy noted, speclflc sampling methodology (s detailed
elgewhere,”

Some specimens taken from the screens may appear healthy;
however, specles-specific experlments with controls to assess
the delayed mortality to these flsh are required if less than
100 percent mortality (s to be assumed.

Potentlal effects at proposed intake structures should make
maxIlmum use of existing data at operating structures to
extrapolate (nvolvement and mortality estimates to a new
Intake. Attentlon should be glven to experiments which have
statistically evaluated the effect of intake modiflcations
on Implngement-entrapment losses,

In cases where preliminary surveys indicate that the entrain-
ment and entrapment-impingement losses may be high, (t will be
necessary to estimate the [mpact of these losses on the
populations that will be involved. For each life stage
susceptible to entralnment and/or entrapment-implingement,
parameters necessary to adequately predict losses caused by
power plant withdrawal lnclude life stage duration, fecundity,
growth and mortality rates, distribution, dispersal patterns,
and intake vulnerabillty. These parameters can be elther
measured (n the fleld or obtalned from avallable literature.
Estimates of equivalent adult stock loss on the basls of
entrainment losses of [lmmature forms requires a measure of
natural mortality from immature to adult. For many if not

most critical specles, the natural mortality may be lmpossl-
ble to determine and the impact may have to be based on a
reasonable judgment. Other data are requlired to project the
long-term Llmpact of the Intake on the populatlion and to fnclude
the populatfion size, its age structure, and fecundity and mortal-
ity rates. These data can best be synthesized using
mathematical models as dfscussed in sectlion XII of this manual.



Zooplankton

Zooplankton sampllng wlil generally be directed towards
determinatlion of entralnment lmpact. Zooplankton are
essentlally microscoplc animals suspended [n water with
near neutral buoyancy. Because of their physical
characteristics, most are {ncapable of sustained
mobllity In directions agalnst water flow and drift
passively In the currents,.

In most cases, [(ntake effects are of relatively short
durat{on and conflined to a relatively small portion of the
water body segment because of short life span and regenera-
tive capaclty. Z2ooplankton, however, should not be dismissed
from consideratlion without a preliminary assessment of tne
importance or uniqueness of the species’ assemblage at the
site,

Phytoplankton

Phytoplankton are free-floating green plants, usually
microscopic in size, and are generally the main primary
producers In the aquatic food web., Agaln, the potential
cooling water [ntake structure [mpact on phytoplankton
would be through entrainment, The short life-cycle and
high reproductive capablility of phytoplankters generally
provides a high degree of regenerative capacity. In most
cases, ilntake structure effects are of short duration

and confined to a relatively small portion of the water
body segment. Phytoplankton, however, should not be
dismlssed from consideratlon without a preliminary assess-
ment of uniqueness or speclal Importance of the species’
assemblage at any particular site,

Follow=up Studles

Post-operational studles at new {ntakes will also be
necessary In order to determine Lf the deslgn, locatlion,
and operation, {n fact, minimize adverse eavironmental
impact and whether the model predictions ut{llzed were
realistic. Some suggestions for follow-up studfes are
avallable in section XI, However, the appropriate program

the need for conslistency with pre-operatlonal study results,
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XI. MONITORING PROGRAM (EXISTING INTAKES)

The study requirements necessary to evaluate |losses of aquatic
life at existing cooling water intakes can be considered in two separate
steps. The first is assessment of the magnitude of the problem at each
site through direct determination of the diel and seasonal variation in
numbers, sizes and weights of organisms involved with operation of the
intake. When losses appear to be serious, as a second step it may be
necessary to conduct studies in the source water body if there is a need
to evaluate such losses on a water-body-wide or local population basis.
However, before requiring such studies it should be realized that the
natural variability of biological systems, the difficulty of separating
other stresses on population size, and difficulties in obtaining accurate
and precise samples of the biota may mask the environmental impact from
cooling water system operation. The magnitude of sampling variation js
high and may range from 20 to 300 percent of the probable numbers.
Thus, effects of the Intake structure often cannot be identified above
this “background noise” unless they are considerably greater, For
many species, adverse environmental impact may be occurring at levels
below that which can be “seen” with the standard survey and analytical
techniques. Such field studies therefore will be extensive and difficult
to conduct, and will generally require several years of data collection,
all without certainty of results. Such studies should not be required
unless absolutely necessary for the best technology available decision
and then only to address specific questions. Because of the above
difficulties, it may be necessary to base a determination of adverse
impact on professional judgment by experienced aquatic scientists.

In evaluating data from the following studies, it is often desirable
to assume “worst case” conditions where all organisms which #oass through
the intake suffer 100 percent mortality. If the magnitude of the numbers
precludes such an analysis, specific mortality estimates may be necessary.

The following study requirements are based in part on the _
recommendations contained in the reports of the Lake Michigan Cooling
Water Studies Panel and Lake Michigan Cooling Water Intake Committee:
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1. Entrapment-Impingement

The objective of this sampling program is to document the
magnitude of losses of fish life at operating cooling water
intakes. Since it is possible to obtain a complete daily
count of fish which are impinged by collecting the intake
screen backwash material, this intensity of collection
should be considered for ap,olication through one calendar
year. The data which result will most accurately reflect
the total annual loss by species. This approach does ignore
possible delayed mortality to c;rganlsms involved with the
intake structure but not impinged on the screens long enough
to be killed. If total entrapment-impingement mortality is
estimated by sampling from the screens, the sampling scheme
must consider day-night and seasonal differences.

If a less than complete dally count over a year is utilized,
dally sampling once every four days for one year is suggested
as the lowest effort which will be acceptable from the stand-
point of allowing for reliable loss project tons reflective of
the plant’s operation. Both more and less intensive sampling
approaches may also be justifiable based on apparent impact,
intake data, spawning periods, and other site specific and
seasonal considerations. The 4-day interval for sampling is
based on observed variability in dally impingement losses.

For example, in a study of the Central Illinois Light Company’s
E.D. Edwards Plant on the Illinois River, numbers of fish
impinged varied from 7,000 on July 18 to 500 on July 19. On
August 23, 1,500 fish were impinged versus 30,000 fish on August
26. Not all plants exhibit such wide variations in numbers
of fish impinged;, however, until intensive sampling is completed
at a site, total loss figures will be subject to question.
Collection of the samples can usualy be accomplished by
inserting collection baskets in the screen backwash sluiceway.
These baskets should have a mesh size equal to or smaler than
the intake screen mesh.

The :‘jollowing data should be collected during the sampling
period:

A. Plant operating data required:
1. Flow rate;
2. Temperature (Intake and discharge);
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1, Time started, Jduration, and amount of warm water reoir. -
lated for intake delcling and thermal defoullng;

4, Total residual chlorine contained in reclirculated water
Auwrino condengoer chiartnarinn:
during condenser chlorination;

S furron?t valacliry ar inrakualc) Auwr rtho ranmgo Af waror

3. Current veloclry at Intake{(s) over the range of water
volumes used in plant operation (representative measufuv-—
ments or calculated values may suffice);

IS Misomhar ~f rlimac erraanc Awr Amararad hRoatwoaoan camn oy
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intervals;

7. Tldal stage (where appropriate) and flow;

8. Salinity (where appropriate); and

PP . fooomm o

1d age group
1

P S, a {
he year, yearllngs, or adults) collected from the

screens or representative subsamples when numbers of
Individual species collected are very large. Subsamp..:o:
approaches should be approved in advance by the Agency,

2. Representative samples of each species for determination
of sex and breeding coanditlion;

3. Numbers of naturally occurring dead fish in the area
ahead of the intake screening system should be estimated;
and

4. Perlodlically conduct a test to determlne the recovery
rate of fish impinged on the screen. This can be done
by splking the screen with tagged dead fish and deter-
mining the proportlon that are recovered in the screen
backwash slulceway.

Sampling Program - Entrainment

The followling sectlon describes {nvestigatlions necessary to
determine effects of entrainment of phytoplankton, zooplankton,
benthos, fish , and shellf{sh at existing cooling water intakes.
Such studles should generally concentrate on fish and shellflish
unless the phytoplankton, zooplankton, or benthos are uniquely
important at the site In question,



Flsh and Meroplankton

The potential for damage to fish or shellfish populations byv
entrainment depends on the number of organisms that pass through
the condenser system and on conditions experienced during passage.

Overall objectives of the study are to determine the species
and numbers of fish and shellf{sh eggs and larvae drawn intc
and dlscharged from the coollng systems and, if necessary,
determine the [mmediate and delayed effects of cooling system
passage on these organisms,

A pump system (s acceptable as the primary sampling method,
provided (t does not damage fragf{le organisms, and pumps are
easier to automate and quantify than systems [n which sampling
s done wlth nets suspended ln the coollng water flow.

Diel sampling [s recommended because the numbers of organisms,

even in areas known to be good spawning and nursery areas,
typlically have low concentrations, and their distribution (n time
and space (s usually efither changing rapldly or patchy as a result
of natural conditions. Therefore, adequate representation of these
organisms can usually only be obtained with continuous sampling
throughout a dlel cycle,

The actual volume of water to be pumped to provide an adequate
sample {s dependent on the densities of fish eggs and larvae |(n
the water surrounding the cooling system fntake structure. The
sample volume should therefore be determined based on the least
dense species of concern, 1If no a prlorl souyrce water deaslty
data exlsts, then as large a sample volume as can be handled will
be necessary. Once {nformation {s developed on the least
detectible density for specles of concern, sample volumes may be
adjusted accordingly. This point [s extremely critical to
acceptance of the resulting data., If the sample volume (s too
small the study will be biased and show fewer organisms ianvolved
with the structure than actually exiat,

Sample locations in the I(ntake system should be located immediatelv
ahead of the intake screens and, when less than 100 percent mortality
is assumed, at a suitable point [n the discharge system, When

less than 100 percent is assumed, samples at {ntake and discharge
should be from the same water mass. At each locatlon one sampling
point should be located near the surface, one near the bottom, and
one at mid-depth. If uniform organism distribution can be demonstra-
ted, one sampling depth may suffice.

Sampling should normally be conducted continuously at a frequency
(e.g., every fourth day of plant operation) allowing the estimatifon
of annual numbers of organisms with a 95 percent confldence Interval
which (s + 50%. More frequent sampling may be desirable during
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peak spawning 8seasons. Sampling should (ontinue over at least
one year, Sampling in subsequent years may be deemed necessary
based on the results of the first year of study,

Macrolnvertebrates

The primary concern regarding the effects of entrainment on macro-
invertebrates is-does entrainment affect the rates of mortality,
growth or reproduction? Specific objectives are to determine the
kinds and numbers of organisms entrained, to assess the effect of
entralmment on their survival and reproduction, and to describe the
seasonal and diurnal patterns of entrainment, Pumped samples are
acceptable provided the pump does not damage fragile organisms. A
pump which will transfer small fish without harm i{s often satis-
factory for zooplankton and benthos, Non-toxic material should be
used throughout the sampling system.

Nets used to concentrate zooplankton and benthos from the pumped
sample should be metered, or the pumping rate should be timed to
provide an accurate determination of the volume filtered. Samples
should be taken in duplicate, If no vertical stratification of
organisms is documented, duplicate mid-depth or duplicate Integrated

samples may be taken.

Sampling sites should be established in the forebay, immediately

ahead of the travelinag gcreaens and as clpsa asa nogafble to the
s ang a2g clog
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point of discharge.
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be taken every ) to 4 hours during the 24 hour survey.

Phytoplankton

Phytoplankton are susceptible to entrainment and possible damage
in cooling water systems such that rates of mortality, growth,
reproduction, and primary production are affected, Studies to
determine those effects should involve microscopic examination,
measurement of chlorophyll concentrations, measurement of

rates of primary production, and observatlons of cell growth
and division., In most cases, effects are of short duration
and confined to a relatively small portion of the water body
segment. Phytoplankton, however, should not be dismlssed

from consideratlon without a preliminary assessment of
uniqueness or special tmportance of the species’ assemblage at
any particular site. Special sampling methodology can be

found in reference 20.



Zooplankton

Zooplankton sampling will generally be directed towards deter-

atnation of entrainment impact by an intake structure. .ono-
olankton are essentially microscopic animals suspended in wiater
with near-neutral buovancy. HBecause of thelr physical charc-

teristics, most are {ncapable of sustained mobilitv {n Jircctinns
against water flow and drift passively In the currents,

In most cases, intake effccts are of relatively short durat ion
and confined to a relatlvely small portion of the water bodyv
segment because of short life span and regenerative capacityv.
Zooplankton, however, should not he dismissed from consiidcration
without a preliminary assessment of the importance or uniquencss
of the species’ assemblage at the site.

Follow-up Studies

A follow-up monitoring program {s also necessary at existing
plants to determine whether the approved intake in fact
minimizes environmental {mpact. In cases where an existing
fntake has been approved, (t wnuld be expected that the monitor-
ing program could be on a reduced level from that noted above.
However, where significant changes in intake location, des{ign,
canstruction, capacity, or operation have taken place, 2 program
comparable to the pre-operational one should be followed.



-45-

XII. IMPACT ASSESSMENT

The goa of impact assessment is to anayze and reduce biological

survey

data to a form easily conceptualized and understood in the con-

text of best available technology to minimize adverse environmental
impact of intake structure location, design, construction, and capacity.
The following approaches are suggested for use, although their applica-
tion will not be appropriate in each case:

1.

Biostatistical Analyses

In general, the minimum reduced raw sample data should include
the arithmetic mean, the standard error (or the standard
deviation), and the sample size from which these calculations
were made.

If a large number of measurements or counts of a variable
ge_g_, Species) are made, the data may be summarized as a
requency distribution. The form or pattern of a frequency
distribution is given by the distribution in numeric

form (as in a frequency table). However, the data is more
clearly evident in a diagram such as a histogram (i.e., a
graph in which the frequency in each class is represented
by a vertical bar). The shape of a histogram describes the
underlying sampling distribution. Known mathematical fre-
gquency distributions may be used as models for the potpulations
sampled in the study, and the frequency distributions from
sameles may be compared with expected frequencies from known
models.

The spatial distribution of individuals in a population
can be described in quantitative terms. In general, three
basic types of spatial distribution have been described.
They aree a random distribution, a regular or uniform
distribution, and a contiguous or aggregated distribution.
The spatial dispersion of a population may be determined
by the relationship between the variance and the mean, as
well as by other methods. In a random distribution, the
variance is equal to the mean. The variance is less than
the mean in a uniform distribution, and it is greater than
the mean in a contiguous distribution. In general, a
Poisson distribution is a suitable model for a random
distribution, a positive binomial is an approximate

model for a uniform distribution, and a negative binomial
IS probably the most often used, among possible models, for
a contiguous distribution.

Temporal and spatial changes in density can be compared
statistically. Significance tests for comparisons of
groups of data may be parametric when the distributions of
the parent populations are known to be normal, or nearly
normal, from previous experience or by deduction from the
samples. Often, non-normal data may be transformed into
data suitable for such testing. Otherwise, non-parametric
tests for significance should be applied.
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Predictive Biological Models

Models used to simulate currents (circulation models) and the
dispersion of constituents (concentration models) are becoming
more available for use in assessing impact. These models,

when soundly-based conceptually, can usually be verified against
hydrographic data and, therefore, represent an important tool for
considering the influence of a power plant on its surroundings.

Diverse population and community models can be developed, but
the assumptions on which they are based are difficult to test
and the parameters difficult to estimate. Some important
parameters depend on long time series of data (tens of years)
and no level of effort can offset the requirement of time.
These problems with biological models can sometimes be overcome
by making “worse case” assumptions and estimates, but this
course may tend to produce a plethora of models indicating
potential disaster. Nevertheless, models are a means of
integrating the available information and the subjective
underlying assumptions about a problem in order to produce
the most rational answer based on the inputs. In this regard,
some models way serve an important rule in assessing impact.

As previously noted, hydrodynamic models in theory can he used
to predict the source of water drawn through a power plant
intake structure. This is done by simulating the movement of
drifters or the dispersion of a constituent originating at a
particular point in the area modeled. The simulation is carried
nut for sufficient time for most of the material to be transported
to the point of the assumed intake structure where it is con-
sidered entrained, or for the material to be transported suffi-
ciently far away from the intake structure so that it has little
chance of future entrainment. This procedure must be repeated
(or performed simultaneously) for numerous constituent origins
and for numerous initial flow or tidal conditions. These
results will provide isopleths of entrainment probabilities
surrounding a proposed intake structure. The isopleths can

be compared with the biological value zone to assure that the
plant will not draw a high percentage of entrainable organisms
from highly productive areas. Various intake locations may be
considered to minimize impact. In practice, it might be very
expensive to calculate the probability of entrainment isopleths
(source area) of an intake structure because a large area may
have to be modeled and considerable computer time expended.
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For a glven critlcal aquatlc organism, {t may be possible to use
hydrodynamlc models to estlimate the percont reductlon {n annual
recrultment resultling from entrainment ot pelagic early life
stages, When the source of pelagic eggs and/or larvae (s known,
the dispersion of thls blological material around the study area
and the consumption by a plant f{ntake may be simulated, indicating
the reduction in recruitment that will result., 1In this procedure,
entrainment mortality ls separated from natural mortalitv, If
natural mortallty ils denslty dependent, the Ilmpact of power plant
entralnment will be overestimated or underestlmated when entrain-
ment mortality is estimated separately from natural mortality.

The method described above for estimating the reduction In
recruitment resulting from entrainment can only be applied, as
stated, for closed systems. For the more common situation where
some larvae are dispersed out of the modeled study area (area
for which circulation and dispersion is simulated) additional
assumptions are required, I[f It {s reasonable to assume that
once organisms have been transported out of the modeled study
area they have a low probability of contributing to support of
the adult population of the study area. Then the df{spersion

of organlsms around the study area for a period of time equal

to the length of the specles’ vulnerable pelaglc phase can be
simulated with and without the entralnment impact of a simulated
power plant. By comparing the number of organisms remaining

In the area, the reduction {(n recruitment to later stages of

the life cycle may be estimated, This approach was used (n
reference 24, The approach {gnores the possible (mpact of a
reduction i{in the number of organisms dispvrsed outside the
modeled study area and other supporting populations.

For open systems where pelagic entrainable organisms are dispersed
out of a modeled study area, it s often necessary to consider the
effect of a plant on blological material transported across the
model boundaries and Into the system. If sufficlent information
is available, the concentration of organisms at the boundaries may
be input to the model as boundary conditlions. Again, the situa-
tion with and without a plant Intake could be simulated and the
number or organisms remaining in the modeled study area could be
compared in order to derive an estimate of the reduction in re-
cruitment, The reduction in recruitment willl change as the
population of the modeled study area is reduced and becomes more
dependent on the {nput of blological material across the boundaries.

Hydrodynamic models are of little value for predicting the
entrapment-lmpingement mortality rate suffered by populations,
In the case of separate but similar Intakes, thl(s rate can be
estlmated after one (s operational. Results muy then be
extrapolated to estimate the Impact of additional {ntakes.
Predictive models for entrapment-impingement .ire under develop-
ment but have not yet been valldated.
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When the reduction in recrutitment because of entrainnent

and the (mplingement ~mortality rates have bheen cstimateu {or

4 critical gaqudtic organism, it is uscful to assess tne
long-=term {mpact on the lecal population.  The dynaaics of
the population can be simulated by a compartment model witn
organisms distributed into compartments accordiny tv ape.
Fach conpartment is assumed to suffer non-powcer nlant relatew
mortalitv. Aglng s simulated by advancing organisms to tiv
next older compartment. Apxe=-specific fecunuity rates are
nged to determine the total biotic potential of the
population. The recruitment to the voungest corpartment

{s a function of total esy production., The cftect of
entrainment, centrapment, and impingement arce 1acorporated

by reduciny the predicted recruitment by the appropridte
proportion and addiny age~(or size-) specific entrapment-
impingement meortality to the age compartments. Conputer
simulations of the future dynamics of thue population based or
the conpartment nodel with and without the plant can be
compared .

Such simulations require knowledge of the life tabhle tor the
species being considered. [ife cable information for some
species may be based on the literature. 1t mav be possible

to supplement this {nformation with knowledge pained from
field studies. The age-(or length-) fecundity function

and the cgp production-recrulitment relationship must also
be known. The latter may he of three forms: (1) recruitment

as a linear function of eggr production, (
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'he methods for assussing impact described in this section
are uscful but of unkunown validity. ‘lost asscssments bhasc.

on biolagical models have vet to be field verified. DNevelop-

ment of predictive models [or assessing impact should be
encouraged but only after full consideration of the diffi-
culties involved, the expense compared to the reliabllity of
results, and the danpers of a "worst case' analysis.

Community Response Parameters

The populations of all specles {n a given area or volune
are defined as a comauntty. Although the term "community"
is considered a useful concept {n delinecating the group of
interacting species In an area, it (s believed to be a
subjective entity, Thus, for specific studies anc tests
of hypothesis, the composition of the community must be
strictly defined.

Community response parancters, such as changes 1in structure,
have sometimes been studied and estimated by certain mulei-
variate classification techniques. Various measures of
species diversity or association coefficients have also

becn emploved to measure community responsc to perturbattons

from an ecological community or subconmunity, the Shannon

index (also referred to as the Shannon=Wiencer or Shannon

Weaver Index) may be used. If the sample may not be

considered a randunm set of speciles’ abundances taken from a
larger species’ agprepation of {nterest, then the Brillouin
ITndewy choul4 ho ead Firhaor indavy mau ha ~rarmniitad wdehk
Index she ull be used, Fither index may be conputed with
conputational ease and, in either case¢, the logarithmic
base used must be stated.

The shortcomings of all existing indices of species’ diver-
sity and the biolngical phenomena which mav influence

thesc values should be recognized. References 28, 29, and
30 should be consulted for further explanation of diver-
sity indices and their utility,

For the purposes at hand, the phrase "classification nof
communities’” is utilized for processes that sort species
into orouna. and it {neluadee hath diuceiminarinan and
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clustering. In peneral, discrimination techniques
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develop rules which separate data into these a priori categorles,
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of a measure of sim{larity, a criterion, and a class description

to find inherent empirical structure {n data, i,e., clusters,

Clustering does not use an externally supplied label and involves

€lndine Aorivod Aara oarmime whicrh arao (nrtarnally aimilar A
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good review and summary of various discrimination and clusteriag
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such as by depth, substrate composition, etc. It is suggested
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frequency, or density, of each specles at each environmental

abr e abiim Ry Ammme I ad Thocon takhlic ae. amalaam..a e el dior e

PLIdluu vUc Luvwplilocu, i1lleoC Lauvilco d4aic auajq&uua (S V) LUT JUdoli L™
S

bution curves made in a gradlent analysis, and are consi-
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data. [t (s suggested that these tables be the basis for

certain multivariate methods of data analvsis for spatial

and temporal variabil{ty, such as cononical variate analysls
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now contaln a prior{ groupings, the linear discriminant functlion

may also be successfully utillzed for testing the differences

among environmental strata uslng multlple measurement or counting
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Biological Value Concept

In the water body segment f{mpacted by a cooling water {ntake
structure could be a useful approach in determining best
technology available for intake design, location, and operation
to minimize adverse environmental impact. The principal use

of this concept s in delineating the optimal location within
the water body for minimum impact on the biota potentiaily
lnvolved with the speclflc intake structure.

The essence of this concept {3 in establishing blological value
of various zones for the water body segment (or other defined
area) within which the intake structure is to be located. A
judgment of value 1s made for the representative important
species conslidering type of [nvolvement with the intake (entrap-
ment, impingement, entrainment) and the numbers of each which
are adversely lmpacted., Results are summed up by species,
seagonally or annually, and represented by graphical means to
depict areas of the water body highly important to the species
and, conversely, areas of iow relative value, thus potentially
favorable Intake structures.
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1. There are areas of Jifferent concentrations of representative

intake structure,

-
)
-
[
2

2. Arcas of biological concentrations can be expressed 12 teros

of relative value to perpetuation of representative 1mportant
species populations in the watcr body scpment.

}J. The arca of zonce of least biological value, expressed in
relative terms of population densities, would be the optimal
locatinn for an intake structure in order to reduce adverse
environnentdal impact.

This (s not a precisc method bec.ise of [(nexactness of differen-
tiating relative value between speclies and difficulties in
comparing importance of loss between eugs, larvae, and adults.
Also, {t is assumed that the adverse {mpact on the populations
of critical aquatic organisms {s significant to some deyree and
thereforce, it Ls desirahle to minimize this impact, thus ;i iving
importance, to best availabie intake locations,

[f one can determine that one species is more Important than
another, one can weigh it in some way. [f not, least concentrua-
tions of critlcal aquatic organisms in any one location fiagicate
its intrinsic suitability for intake structure location,

A step-bv-step procedure could include:
1. Select critfical aquatic organisms; and

2. Divide watcer body segment into spatial compartments {use
hydrological model).
For each species and spatial compartment:
l. DNetermine life stages potentially involved wtth intake

and type of Involvement (entrapment, impingement, entrain-
ment);

2. Fstimate numbers of organisms involved at representative
times during the annual operation cycle;
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J. Fstimate numbers of those involved tnat are lost (deter—inc
percent survival or aortality of those entrained or 1mpingced)
on an annual basis;

4., VFstimate conversion ratios to express eaps and larvae lost
in terms of number of adults (this is a valuc jud,;ment and
assumes the loss of one egy is not as i{mportant to survival
of the species as the loss of an adult).;

5. DNevelop the data matrix for construction of the biolopical
value level overlay charts (Table 1)}

6. Construct transparent overlays for each specics un chart of
water body segment. Areas nf different impact 1n terns of
organisms lost due to {nvolvement with the intake structure
could be color-coded; e.p., areas of most value could be Jdarx
wray; areas of least value, clear. fecnerallyv, three levels
of value will suffice;

7. Superimpose overlavs for all representative important species
on chart to obtain compositive value, indicated by relative
color, for all spatial compartments {n the water bodyv
segment; and

3. Analyze graphic display of relative value and identify
light-toned areas as most favorable {ntake sites, heavy
areas as least favorable.

The methadology {s intended tn be flexible. Various snades

of different colors could indicate comparative value between
selected spectes or variations In density with depth. The

value prades could be cxpressed in terms of their relation

to populations of critical aquatic organisms i{n the overall water
body to provide insight on importance of the specific segment
studies to the whole system,

The binlogical value concept for analyzing surveyv data in the
determination of best technology available to minimize adverse
environmental impact appears to have the principal application in
sclection of the minimal imact zones for locating the intale
structure., The usability of the concept is, of coursc, data-
dependent. As noted, it {s not precise, hbut at least integrutes
multiple factors und presents a defined indication of suitahilitv
for location of an {ntake structure {(n the affected water body
segment.

Three-dimensional computer graphic technijues can also be
dpplieqotgsportray spatial and temporal distribution of hinlaxical
data. '
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Time-series graphs can be useful {n depicting the dynawmic
nature of ocrurrence and abundance of a designated species
during the annual operating cycle of the intake structure.
The principal application would appear to be {n the deter-
mination of the optimal location of the intake structure.
Also, graphic representations of the biologically predicted
mathematical model output could assist in more clearly
depicting intake structure impact on populations of Repre-~
sentative Important Species (RIS).
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